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    Abstract
Fluorescence imaging is one of the most versatile and widely-used tools in biology1. Although techniques to overcome the diffraction barrier were introduced more than two decades ago, and the nominal attainable resolution kept improving2, 3, fluorescence microscopy still fails to image the morphology of single proteins or small molecular complexes, either purified or in a cellular context4, 5. Here we report a solution to this problem, in the form of one-step nanoscale expansion (ONE) microscopy. We combined the 10-fold axial expansion of the specimen (1000-fold by volume) with a fluorescence fluctuation analysis6, 7 to enable the description of cultured cells, tissues, viral particles, molecular complexes and single proteins. At the cellular level, using immunostaining, our technology revealed detailed nanoscale arrangements of synaptic proteins, including a quasi-regular organisation of PSD95 clusters. At the single molecule level, upon main chain fluorescent labelling, we could visualise the shape of individual membrane and soluble proteins. Moreover, conformational changes undergone by the ∼17 kDa protein calmodulin upon Ca2+ binding were readily observable. We also imaged and classified molecular aggregates in cerebrospinal fluid samples from Parkinson’s Disease (PD) patients, which represents a promising new development towards improved PD diagnosis. ONE microscopy is compatible with conventional microscopes and can be performed with the software we provide here as a free, open-source package. This technology bridges the gap between high-resolution structural biology techniques and light microscopy, and provides a new avenue for discoveries in biology and medicine.

Competing Interest Statement
S.O.R. and F.O. are shareholders of NanoTag Biotechnologies GmbH. The remaining authors declare no competing interests. E.S.B. is an inventor on multiple patents related to expansion microscopy, and co-founder of a company working on commercial applications of expansion microscopy.
Footnotes
	Shaib et al., 2022, has been updated to include many types of new data, all presented in new figures:
-A demonstration of ONE feasibility in many laboratories in Germany and USA (Supp. Figs. 29 to 33)
-Averaging analysis for single GABAa Receptors, to derive their protein shape in vitro, shown in Fig. 3, and supported by extensive new data (Supp. Figs. 12 and 13)
-An averaging analysis of tubulin in vitro, to also derive its molecular shape (Supp. Fig. 15)
-Averaging analysis for actin filaments in cells, again for the purpose of deriving their molecular shape (Fig. 4)
-Analyses of ONE microscopy for post-expansion immunolabeling of PSD95 (Supp. Fig. 21), microtubules (Supp. Fig. 32) and bassoon (Supp. Fig. 33)
-Analyses of ONE images in the sub-nanometer range (Supp. Fig. 24)
-Quantifications of the SRRF precision, using DNA Origami nanorulers (Supp. Fig. 2)
-An in-detail explanation of why ONE microscopy is able to provide molecular resolution (Supp. Fig. 3 and 4)
-New analyses of single proteins, as eGFP (Supp. Fig. 8)
-New analyses of synapses (Supp. Fig. 20)
-Extensive FRC analyses of many samples (Supp. Figs. 23 and 28)
-Technical updates, including structure analyses (Supp. Fig. 25), examples of bleaching curves (Supp. Fig. 7), drift correction (Supp. Fig. 14), analysis explanations and quantifications (Supp. Figs. 17 and 18), comparisons with current technologies (Supp. Fig. 22)
Other updated elements: authors and author affiliations, main text, main figures, Materials and Methods, Extended Data Figures and Supplementary Figures.







  


  
  



  
      
  
  
    Copyright 
The copyright holder for this preprint is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under a CC-BY-NC-ND 4.0 International license.


  


  
  



  





  


  
  



  
      
  
  
    View the discussion thread.


  


  
  



  
      
  
  
     Back to top  


  
  



			

		

		
		
			
			  
  
      
  
  
     PreviousNext 
  


  
  



  
      
  
  
    Posted March 10, 2023.  


  
  



  
      
  
  
    
	  
  
		
          
            
  
      
  
  
     Download PDF  


  
  



          

        

        
        
          
            
  
      
  
  
     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 
 Visualizing proteins by expansion microscopy



  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  


  
  



  
      
  
  
    


		  
		  
  
      
  
  
    

      
      Visualizing proteins by expansion microscopy
    

  
      Ali H. Shaib, Abed Alrahman Chouaib, Rajdeep Chowdhury, Daniel Mihaylov, Chi Zhang, Vanessa Imani, Svilen Veselinov Georgiev, Nikolaos Mougios, Mehar Monga, Sofiia Reshetniak, Tiago Mimoso, Han Chen, Parisa Fatehbasharzad, Dagmar Crzan, Kim-Ann Saal, Nadia Alawar, Janna Eilts, Jinyoung Kang, Luis Alvarez, Claudia Trenkwalder, Brit Mollenhauer, Tiago F. Outeiro, Sarah Köster, Julia Preobraschenski, Ute Becherer, Tobias Moser, Edward S. Boyden, A Radu Aricescu, Markus Sauer, Felipe Opazo, Silvio O. Rizzoli

  
      bioRxiv 2022.08.03.502284; doi: https://doi.org/10.1101/2022.08.03.502284 

  
  
  


  


  
  



	  

	
  
  	
  
      
  
  
    
  
    Share This Article:
  
  
    
  
  
    Copy
  


  


  
  



  

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


  
  



	  

	


  


  
  



  
      
  
  
     Citation Tools

  
    
  
      
  
  
      
  
      

      
      Visualizing proteins by expansion microscopy
    

  
      Ali H. Shaib, Abed Alrahman Chouaib, Rajdeep Chowdhury, Daniel Mihaylov, Chi Zhang, Vanessa Imani, Svilen Veselinov Georgiev, Nikolaos Mougios, Mehar Monga, Sofiia Reshetniak, Tiago Mimoso, Han Chen, Parisa Fatehbasharzad, Dagmar Crzan, Kim-Ann Saal, Nadia Alawar, Janna Eilts, Jinyoung Kang, Luis Alvarez, Claudia Trenkwalder, Brit Mollenhauer, Tiago F. Outeiro, Sarah Köster, Julia Preobraschenski, Ute Becherer, Tobias Moser, Edward S. Boyden, A Radu Aricescu, Markus Sauer, Felipe Opazo, Silvio O. Rizzoli

  
      bioRxiv 2022.08.03.502284; doi: https://doi.org/10.1101/2022.08.03.502284 

  
  
  


  

  
  	      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 (5176)

	Biochemistry (11640)

	Bioengineering (8679)

	Bioinformatics (29015)

	Biophysics (14861)

	Cancer Biology (11999)

	Cell Biology (17269)

	Clinical Trials (138)

	Developmental Biology (9365)

	Ecology (14080)

	Epidemiology (2067)

	Evolutionary Biology (18202)

	Genetics (12184)

	Genomics (16703)

	Immunology (11790)

	Microbiology (27858)

	Molecular Biology (11478)

	Neuroscience (60481)

	Paleontology (449)

	Pathology (1860)

	Pharmacology and Toxicology (3213)

	Physiology (4916)

	Plant Biology (10342)

	Scientific Communication and Education (1678)

	Synthetic Biology (2867)

	Systems Biology (7315)

	Zoology (1634)


  


  
  

  







  


  
  



			

		

	
	
 	
	
	


    

  


      


  

    
  
  
    
  
      







  