





    
      Skip to main content
    

        
      
    
  
    
  
        
            
        [image: bioRxiv]      

                

          



  
    
  
                
    
      	Home
	About
	Submit
	ALERTS / RSS

    

  



  
                
    
      
  
    
  
      
  
  
    
  Search for this keyword 
 







  


  
  



  
      
  
  
    Advanced Search  


  
  



  



    

  


  


  

  
  
  	      

    
      
    
      
        
    
  
    
                        
  
                
    
      
	  
  
		
		
			
			  
  
      
  
  
    

      
        New Results    
  
        Compaction of Duplex Nucleic Acids upon Native Electrospray Mass Spectrometry
  
      Massimiliano Porrini,  View ORCID ProfileFrédéric Rosu, Clémence Rabin, Leonardo Darré, Hansel Gómez,  View ORCID ProfileModesto Orozco,  View ORCID ProfileValérie Gabelica

  
      doi: https://doi.org/10.1101/105049 

  
  
  

Massimiliano Porrini 
1Univ. Bordeaux, INSERM, CNRS, Laboratoire Acides Nucléiques Régulations Naturelle et Artificielle (ARNA, U1212, UMR5320), IECB, 2 rue Robert Escarpit, 33607 Pessac, France.

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


Frédéric Rosu 
2CNRS, INSERM, Univ. Bordeaux, Institut Européen de Chimie et Biologie (IECB, UMS3033, US001), 2 rue Robert Escarpit, 33607 Pessac, France.

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	ORCID record for Frédéric Rosu


Clémence Rabin 
1Univ. Bordeaux, INSERM, CNRS, Laboratoire Acides Nucléiques Régulations Naturelle et Artificielle (ARNA, U1212, UMR5320), IECB, 2 rue Robert Escarpit, 33607 Pessac, France.

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


Leonardo Darré 
3Institute for Research in Biomedicine (IRB) Barcelona, the Barcelona Institute of Science and Technology, Barcelona, Spain.
4Joint BSC-IRB Research Program in Computational Biology, IRB Barcelona, Barcelona, Spain.

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


Hansel Gómez 
3Institute for Research in Biomedicine (IRB) Barcelona, the Barcelona Institute of Science and Technology, Barcelona, Spain.
4Joint BSC-IRB Research Program in Computational Biology, IRB Barcelona, Barcelona, Spain.

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


Modesto Orozco 
3Institute for Research in Biomedicine (IRB) Barcelona, the Barcelona Institute of Science and Technology, Barcelona, Spain.
4Joint BSC-IRB Research Program in Computational Biology, IRB Barcelona, Barcelona, Spain.
5Department of Biochemistry and Biomedicine, University of Barcelona, Barcelona, Spain.

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	ORCID record for Modesto Orozco


Valérie Gabelica 
1Univ. Bordeaux, INSERM, CNRS, Laboratoire Acides Nucléiques Régulations Naturelle et Artificielle (ARNA, U1212, UMR5320), IECB, 2 rue Robert Escarpit, 33607 Pessac, France.

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	ORCID record for Valérie Gabelica
	For correspondence: 
v.gabelica@iecb.u-bordeaux.fr




  


  
  



  
      
  
  
    	Abstract
	Full Text
	Info/History
	Metrics
	Supplementary material
	 Preview PDF


  


  
  



  
      
  
  
    [image: Loading]

  
    
  
      
  
  
    ABSTRACT
Native mass spectrometry coupled to ion mobility spectrometry is a promising tool for structural biology. Intact complexes can be transferred to the mass spectrometer and, if native conformations survive, collision cross sections give precious information on the structure of each species in solution. Based on several successful reports for proteins and their complexes, the conformation survival becomes more and more taken for granted. Here we report on the fate of nucleic acids conformation in the gas phase. Disturbingly, we found that DNA and RNA duplexes, at the electrospray charge states naturally obtained from native solution conditions (≥ 100 mM aqueous NH4OAc), are significantly more compact in the gas phase compared to the canonical solution structures. The compaction is observed for short (12-bp) and long (36-bp) duplexes, and for DNA and RNA alike. Molecular modeling (density functional calculations on small helices, semi-empirical calculations on up to 12-bp, and molecular dynamics on up to 36-bp duplexes) demonstrates that the compaction is due to phosphate group self-solvation prevailing over Coulomb-driven expansion. Molecular dynamics simulations starting from solution structures do not reproduce the experimental compaction. To be experimentally relevant, molecular dynamics sampling should reflect the progressive structural rearrangements occurring during desolvation. For nucleic acid duplexes, the compaction observed for low charge states results from novel phosphate-phosphate hydrogen bonds formed across both grooves at the very late stages of electrospray.

	ABBREVIATIONS
	bp
	base pair
	CCS
	collision cross section
	CALCCCSHe
	calculated CCS in helium
	DTCCSHe
	CCS in helium measured in a drift tube
	DC
	distributed charges
	DFT
	density functional theory
	ESI
	electrospray ionization
	GC
	guanine-cytosine
	IMS
	ion mobility spectrometry
	LC
	localized charges
	MD
	molecular dynamics
	MS
	mass spectrometry
	SE
	semi-empirical
	TREMD
	temperature replica exchange molecular dynamics
	WC
	Watson-Crick.
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