

        
        
            
        

        
        
        
            
        

        


        
            
                
                    Jump to main content 
                

            
            
                
                    Jump to site search 
                

            
        


    
        
            
                
                    
                


                
                    Publishing
                





    
        	Journals
	Books
	Databases


    






    




    
            Search
            
            
                
                Advanced
            

            

    





                
                        
                




    
    




                
                    
                

            

        


        
            
                
                    
                            Search
                            
                                
                                
                                
                                    
                                
                            

                            You must enter a search term

                            
                                Advanced search
                            


                    

                

            

        


        
            

            
                
                    
                        
                    

                

            

        

    




    

        

        
            
                
                    You do not have JavaScript enabled. Please enable JavaScript
                    to access the full features of the site or access our
                    non-JavaScript page.
                

            

        


        
            

            




















    
        
            

                

                        
                            Issue 40, 2018
                        


                        
                            	
                                    
                                        Previous Article
                                    
                                
	
                                    
                                        Next Article
                                    
                                


                        

                    
                        
                            
                                
                                    
                                        
                                    

                                    
                                        
                                            From the journal:
                                            Physical Chemistry Chemical Physics

                                        

                                    

                                
                            

                        

                    

                    

                


                
                    
                        

Influence of compatible solute ectoine on distinct DNA structures: thermodynamic insights into molecular binding mechanisms and destabilization effects†                                                    

    
        
    


                    

                        
        
Ewa Anna
Oprzeska-Zingrebe,a
 
        
        
Susann
Meyer,bc
 
        
        
Alexander
Roloff,‡d
 
        
        
Hans-Jörg
Kunteb
 and 
        
        
Jens
Smiatek                    
*ae
 
        

                        

                        
        
             Author affiliations
        
        
            
                    
                        
*                        

                        
                            Corresponding authors

                                                                                                            
                    

                    
                        
                                a
                        

                        
                            Institute for Computational Physics, University of Stuttgart, Allmandring 3, D-70569 Stuttgart, Germany

                                                                                                            
                    

                    
                        
                                b
                        

                        
                            Federal Institute for Materials Research and Testing (BAM), Unter den Eichen 87, D-12205 Berlin, Germany

                                                                                                            
                    

                    
                        
                                c
                        

                        
                            Institute of Biochemistry and Biology, University of Potsdam, D-14476 Potsdam, Germany

                                                                                                            
                    

                    
                        
                                d
                        

                        
                            Federal Institute for Materials Research and Testing (BAM), Richard-Willstätter Strasse 11, D-12489 Berlin, Germany

                                                                                                            
                    

                    
                        
                                e
                        

                        
                            Helmholtz Institute Münster: Ionics in Energy Storage (HI MS IEK-12), Forschungszentrum Jülich GmbH, Corrensstrasse 46, D-48149 Münster, Germany

                                

                                E-mail:
                                    j.smiatek@fz-juelich.de                                                                                                            
                    

            

        

    


                    Abstract

                    


        
            
      In nature, the cellular environment of DNA includes not only water and ions, but also other components and co-solutes, which can exert both stabilizing and destabilizing effects on particular oligonucleotide conformations. Among them, ectoine, known as an important osmoprotectant organic co-solute in a broad range of pharmaceutical products, turns out to be of particular relevance. In this article, we study the influence of ectoine on a short single-stranded DNA fragment and on double-stranded helical B-DNA in aqueous solution by means of atomistic molecular dynamics (MD) simulations in combination with molecular theories of solution. Our results demonstrate a conformation-dependent binding behavior of ectoine, which favors the unfolded state of DNA by a combination of electrostatic and dispersion interactions. In conjunction with the Kirkwood–Buff theory, we introduce a simple framework to compute the influence of ectoine on the DNA melting temperature. Our findings reveal a significant linear decrease of the melting temperature with increasing ectoine concentration, which is found to be in qualitative agreement with results from denaturation experiments. The outcomes of our computer simulations provide a detailed mechanistic rationale for the surprising destabilizing influence of ectoine on distinct DNA structures.
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