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            Abstract
Arsenate and phosphate are abundant on Earth and have striking similarities: nearly identical pKa values1,2, similarly charged oxygen atoms, and thermochemical radii that differ by only 4% (ref. 3). Phosphate is indispensable and arsenate is toxic, but this extensive similarity raises the question whether arsenate may substitute for phosphate in certain niches4,5. However, whether it is used or excluded, discriminating phosphate from arsenate is a paramount challenge. Enzymes that utilize phosphate, for example, have the same binding mode and kinetic parameters as arsenate, and the latterâ€™s presence therefore decouples metabolism6,7. Can proteins discriminate between these two anions, and how would they do so? In particular, cellular phosphate uptake systems face a challenge in arsenate-rich environments. Here we describe a molecular mechanism for this process. We examined the periplasmic phosphate-binding proteins (PBPs) of the ABC-type transport system that mediates phosphate uptake into bacterial cells, including two PBPs from the arsenate-rich Mono Lake Halomonas strain GFAJ-1. All PBPs tested are capable of discriminating phosphate over arsenate at least 500-fold. The exception is one of the PBPs of GFAJ-1 that shows roughly 4,500-fold discrimination and its gene is highly expressed under phosphate-limiting conditions. Sub-Ã¥ngstrÃ¶m-resolution structures of Pseudomonas fluorescens PBP with both arsenate and phosphate show a unique mode of binding that mediates discrimination. An extensive network of dipoleâ€“anion interactions8,9, and of repulsive interactions, results in the 4% larger arsenate distorting a unique low-barrier hydrogen bond. These features enable the phosphate transport system to bind phosphate selectively over arsenate (at least 103 excess) even in highly arsenate-rich environments.




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                
                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    
    Subscribe to this journal
Receive 51 print issues and online access
$199.00 per year
only $3.90 per issue

Learn more


Rent or buy this article
Prices vary by article type
from$1.95
to$39.95
Learn more


Prices may be subject to local taxes which are calculated during checkout



  

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    Figure 1: 
                        The phosphateâ€“arsenate selectivity of PBPs.
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Figure 2: 
                        Binding of arsenate and phosphate to PfluDING.
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Figure 3: 
                        The (âˆ’)CAHB angles are optimal in the phosphate-bound structure but distorted with arsenate.
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        Editorial Summary
Short bond answer to arsenate/phosphate discrimination riddle
How do bacteria discriminate between phosphate, which is essential to life, and the chemically similar arsenate, a compound highly toxic to most organisms? In this manuscript, the authors characterize the biochemistry of several of the periplasmic phosphate-binding proteins (PBPs) that mediate phosphate uptake into bacterial cells. The proteins discriminate phosphate from arsenate by factors of between 500 and 4,000, depending on how prevalent arsenate is in the habitat. Comparison of ultra-high-resolution structures of PBPs from arsenate-sensitive and arsenate-resistant bacteria suggests that arsenate, which has a radius just 4% larger than that of phosphate, distorts an unusually short high-energy hydrogen bond that is a key component of the recognition site.
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