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		Abstract

		Viroporins are a class of viral ion channels that are involved in diverse processes entry, assembly and virulence. In the pursuit of understanding the mechanism of viroporins, knowledge of both structural and dynamic characteristics is essential. An experimental technique, sensitive to both structure and dynamics of the viroporin, is ideal for serving the purpose. Here, using the structure-sensitive two-dimensional infrared (2D IR) spectroscopy, with ultrafast time resolution, we have shown a direct correlation between channel-water dynamics and the conformational changes of the M2 viroporin from influenza A virus inserted into a solid-supported lipid bilayer. Our results show that a helix kink at higher pH (7.5) occludes the passage of water molecules into the channel, making it inactive. The stretched M2 structure at low pH (5.5) shows ultrafast hydrogen-bond dynamics between the backbone amide carbonyls and the water molecules, confirming the presence of water inside the channel in its active state. These results provide direct experimental evidence for a transporter-likeconduction mechanism, relating the channel-water dynamics with domain-specific structural changes in the viroporin. The results indicate that such experiments can be exploited for other topical coronaviruses (CoVs) viroporins, warranting investigation. 


	

	

	
		
		


	

	
	

		
		

	
	


	

	
	
	
		
	
	
	

	
	
		
		
			
				
			
		
		Keywords: viroporin, 2D IR spectroscopy, helix kink, water H-bond dynamics, M2 proton channel.

	
	

	
    

    
	

	
	
	

	
	

























    	
	
	
	
   	
	
	
	
	
	            
	

























    
    










    
    
    
    
















	



    




	
		Suggested Citation:
		Suggested Citation
	

	
		
			Kim,  Nam Hyeong and Kwon,  Hyejin and Moon,  Juran and Jin,  Geun Young and Sha,  Teh Hsiang and No,  Young Hyun and Nam,  Jiyoung and Thach,  Trung Thanh and Seol,  Jin Gyu and Kratochvil,  Huong T. and Bagchi,  Sayan and DeGrado,  William F. and Kim,  Yong Ho and Kim,  Yung Sam, Channel-Water Dynamics are Correlated with the Conformational Changes of the M2 Viroporin Protein from Influenza a Virus.  Available at SSRN: https://ssrn.com/abstract=3699788 or http://dx.doi.org/10.2139/ssrn.3699788 
		
	

	

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

	
	

	
		
	

	
		




	

	
	
		

	










    
    










    
    
    
    





















	

	

	

	

	

	

	

	

	

	

	

	

	

	


	























	
	

		

		

		
		
		

		
		
			
				
					
						Nam Hyeong Kim

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Sungkyunkwan University - SKKU Advanced Institute of Nanotechnology (SAINT)  ( email )

			

			
			
				
				
				
					Korea, Republic of (South Korea)

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Hyejin Kwon

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Ulsan National Institute of Science and Technology (UNIST) - Department of Chemistry 

			

			
			
				
				
				
					Gil 50
Ulsan
Korea, Republic of (South Korea)

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Juran Moon

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Ulsan National Institute of Science and Technology (UNIST) - Department of Chemistry  ( email )

			

			
			
				
				
				
					Gil 50
Ulsan
Korea, Republic of (South Korea)

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Geun Young Jin

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Ulsan National Institute of Science and Technology (UNIST) - Department of Chemistry  ( email )

			

			
			
				
				
				
					Gil 50
Ulsan
Korea, Republic of (South Korea)

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Teh Hsiang Sha

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Sungkyunkwan University - SKKU Advanced Institute of Nanotechnology (SAINT)  ( email )

			

			
			
				
				
				
					Korea, Republic of (South Korea)

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Young Hyun No

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Sungkyunkwan University - SKKU Advanced Institute of Nanotechnology (SAINT)  ( email )

			

			
			
				
				
				
					Korea, Republic of (South Korea)

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Jiyoung Nam

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Sungkyunkwan University - SKKU Advanced Institute of Nanotechnology (SAINT)  ( email )

			

			
			
				
				
				
					Korea, Republic of (South Korea)

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Trung Thanh Thach

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Sungkyunkwan University - SKKU Advanced Institute of Nanotechnology (SAINT)  ( email )

			

			
			
				
				
				
					Korea, Republic of (South Korea)

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Jin Gyu Seol

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Ulsan National Institute of Science and Technology (UNIST) - Department of Chemistry  ( email )

			

			
			
				
				
				
					Gil 50
Ulsan
Korea, Republic of (South Korea)

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Huong T. Kratochvil

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				University of California, San Francisco (UCSF) - Cardiovascular Research Institute  ( email )

			

			
			
				
				
				
					555 Mission Bay Boulevard South
San Francisco, CA  94158
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Sayan Bagchi

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				CSIR-National Chemical Laboratory - Physical and Materials Chemistry Division  ( email )

			

			
			
				
				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						William F. DeGrado

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				University of California, San Francisco (UCSF) - Cardiovascular Research Institute  ( email )

			

			
			
				
				
				
					555 Mission Bay Boulevard South
San Francisco, CA  94158
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Yong Ho Kim

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Sungkyunkwan University - SKKU Advanced Institute of Nanotechnology (SAINT)  ( email )

			

			
			
				
				
				
					Korea, Republic of (South Korea)

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Yung Sam Kim (Contact Author)

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Sungkyunkwan University - SKKU Advanced Institute of Nanotechnology (SAINT)  ( email )

			

			
			
				
				
				
					Korea, Republic of (South Korea)

				

				
			

			

		

		
	

	





	

	

	
	
		
	

	

	
	




				
				
				









	
	    












    
    






    
    







    









    
        
        
        
            
            

            

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    [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

				       18

			

		
		
		
			Abstract Views

			      594

		

		
		
	


	

	
		
			
				       41 References
		

	



	
		PlumX Metrics

		
			
		

		
			
		

	





				


				
				
					
					

					
						
					

					
						
					

					
						
					

					
						
							
								
									
										Cell Press Journals on Sneak Peek
									

									
										
											All Journals (9173)
										
											Cancer Cell (105)
										
											Cell (574)
										
											Cell Chemical Biology (141)
										
											Cell Genomics (20)
										
											Cell Host & Microbe (186)
										
											Cell Metabolism (143)
										
											Cell Press Community (115)
										
											Cell Reports (2100)
										
											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 (651)
										
											Developmental Cell (284)
										
											Device (0)
										
											Immunity (241)
										
											iScience (2195)
										
											Joule (303)
										
											Matter (146)
										
											Med (40)
										
											Molecular Cell (191)
										
											Neuron (393)
										
											One Earth (82)
										
											Patterns (121)
										
											Structure (140)
										
									

								

							
						

					

				
				
					

    
        
            Related eJournals

        	
                    Genetics eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Genetics eJournal

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

                                
                                    
                                        FOLLOWERS

                                              141

                                    

                                    
                                        PAPERS

                                            6,410

                                    

                                

                                
                            

                        

                    

                
	
                    Biochemistry eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Biochemistry eJournal

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

                                
                                    
                                        FOLLOWERS

                                               77

                                    

                                    
                                        PAPERS

                                            4,533

                                    

                                

                                
                            

                        

                    

                


            

            
                
                

                	
                    Infectious Diseases eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Infectious Diseases eJournal

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

                                
                                    
                                        FOLLOWERS

                                               68

                                    

                                    
                                        PAPERS

                                            5,587

                                    

                                

                                
                            

                        

                    

                
	
                    Biochemical Mechanisms eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Biochemical Mechanisms eJournal

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

                                
                                    
                                        FOLLOWERS

                                               41

                                    

                                    
                                        PAPERS

                                            2,033

                                    

                                

                                
                            

                        

                    

                
	
                    Cell Press

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Cell Press

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

                                
                                    
                                        FOLLOWERS

                                               20

                                    

                                    
                                        PAPERS

                                            9,173

                                    

                                

                                
                            

                        

                    

                



                
            

            
        
        
        
                 
        
        

    


				


				
					
					

















				

			

		


		
				
					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   0.220 seconds 
						
					
					

				

			

			
				
			

		

	









	
		
		
		
		


    
        
        
        

        
        
                
                
                    
                
            
    

    

    


		






    























    




    








	


		[image:  ]

		
		
		
		
		
		
		
		
		
		
	
