





    
      Skip to main content
    

        
      
    
  
    
  
        
            
        [image: bioRxiv]      

                

          



  
    
  
                
    
      	Home
	About
	Submit
	ALERTS / RSS

    

  



  
                
    
      
  
    
  
      
  
  
    
  Search for this keyword 
 







  


  
  



  
      
  
  
    Advanced Search  


  
  



  



    

  


  


  

  
  
  	      

    
      
    
      
        
    
  
    
                        
  
                
    
      
	  
  
		
		
			
			  
  
      
  
  
    

      
        New Results    
  
        Direct digital sensing of proteins through single-molecule optofluidics
  
       View ORCID ProfileGeorg Krainer,  View ORCID ProfileKadi L. Saar,  View ORCID ProfileWilliam E. Arter,  View ORCID ProfileRaphaël P.B. Jacquat,  View ORCID ProfileQuentin Peter,  View ORCID ProfilePavankumar Challa,  View ORCID ProfileChristopher G. Taylor,  View ORCID ProfileDavid Klenerman,  View ORCID ProfileTuomas P.J. Knowles

  
      doi: https://doi.org/10.1101/2020.05.24.113498 

  
  
  

Georg Krainer 
†Department of Chemistry, University of Cambridge, Lensfield Road, Cambridge CB2 1EW, UK

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	ORCID record for Georg Krainer


Kadi L. Saar 
†Department of Chemistry, University of Cambridge, Lensfield Road, Cambridge CB2 1EW, UK

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	ORCID record for Kadi L. Saar


William E. Arter 
†Department of Chemistry, University of Cambridge, Lensfield Road, Cambridge CB2 1EW, UK

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	ORCID record for William E. Arter


Raphaël P.B. Jacquat 
†Department of Chemistry, University of Cambridge, Lensfield Road, Cambridge CB2 1EW, UK

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	ORCID record for Raphaël P.B. Jacquat


Quentin Peter 
†Department of Chemistry, University of Cambridge, Lensfield Road, Cambridge CB2 1EW, UK

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	ORCID record for Quentin Peter


Pavankumar Challa 
†Department of Chemistry, University of Cambridge, Lensfield Road, Cambridge CB2 1EW, UK

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	ORCID record for Pavankumar Challa


Christopher G. Taylor 
†Department of Chemistry, University of Cambridge, Lensfield Road, Cambridge CB2 1EW, UK

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	ORCID record for Christopher G. Taylor


David Klenerman 
†Department of Chemistry, University of Cambridge, Lensfield Road, Cambridge CB2 1EW, UK

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	ORCID record for David Klenerman


Tuomas P.J. Knowles 
†Department of Chemistry, University of Cambridge, Lensfield Road, Cambridge CB2 1EW, UK
‡Cavendish Laboratory, Department of Physics, University of Cambridge, J J Thomson Ave, Cambridge CB3 0HE, UK

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	ORCID record for Tuomas P.J. Knowles
	For correspondence: 
tpjk2@cam.ac.uk




  


  
  



  
      
  
  
    	Abstract
	Full Text
	Info/History
	Metrics
	 Preview PDF


  


  
  



  
      
  
  
    [image: Loading]

  
    
  
      
  
  
    Abstract
Highly sensitive detection of proteins is of central importance to biomolecular analysis and diagnostics. Conventional protein sensing assays, such as ELISAs, remain reliant on surface-immobilization of target molecules and multi-step washing protocols for the removal of unbound affinity reagents. These features constrain parameter space in assay design, resulting in fundamental limitations due to the underlying thermodynamics and kinetics of the immunoprobe–analyte interaction. Here, we present a new experimental paradigm for the quantitation of protein analytes through the implementation of an immunosensor assay that operates fully in solution and realizes rapid removal of excess probe prior to detection without the need of washing steps. Our single-step optofluidic approach, termed digital immunosensor assay (DigitISA), is based on microfluidic electrophoretic separation combined with single-molecule laser-induced fluorescence microscopy and enables calibration-free in-solution protein detection and quantification within seconds. Crucially, the solution-based nature of our assay and the resultant possibility to use arbitrarily high probe concentrations combined with its fast operation timescale enables quantitative binding of analyte molecules regardless of the capture probe affinity, opening up the possibility to use relatively weak-binding affinity reagents such as aptamers. We establish and validate the DigitISA platform by probing a biomolecular biotin–streptavidin binding complex and demonstrate its applicability to biomedical analysis by quantifying IgE–aptamer binding. We further use DigitISA to detect the presence of α-synuclein fibrils, a biomarker for Parkinson’s disease, using a low-affinity aptamer at high probe concentration. Taken together, DigitISA presents a fundamentally new route to surface-free specificity, increased sensitivity, and reduced complexity in state-of-the-art protein detection and biomedical analysis.
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