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            Abstract
Sulphur is a universally required cell nutrient found in two amino acids and other small organic molecules. All aerobic marine bacteria are known to use assimilatory sulphate reduction to supply sulphur for biosynthesis, although many can assimilate sulphur from organic compounds that contain reduced sulphur atoms1,2,3. An analysis of three complete â€˜Candidatus Pelagibacter ubiqueâ€™ genomes, and public ocean metagenomic data sets, suggested that members of the ubiquitous and abundant SAR11 alphaproteobacterial clade are deficient in assimilatory sulphate reduction genes. Here we show that SAR11 requires exogenous sources of reduced sulphur, such as methionine or 3-dimethylsulphoniopropionate (DMSP) for growth. Titrations of the algal osmolyte DMSP in seawater medium containing all other macronutrients in excess showed that 1.5â€‰Ã—â€‰108 SAR11 cells are produced per nanomole of DMSP. Although it has been shown that other marine alphaproteobacteria use sulphur from DMSP in preference to sulphate1,2, our results indicate that â€˜Cand. P. ubiqueâ€™ relies exclusively on reduced sulphur compounds that originate from other plankton.




            
                
                    

    
        
            
                
                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: 
                        Sulphur metabolism pathways and comparative genomics.
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Figure 2: 
                        35
                        S radiotracer uptake and growth responses to additions of sulphur compounds.
                      [image: ]


Figure 3: 
                        Growth curves for 21-nM additions of various reduced sulphur sources.
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An intriguing example of genome reduction has been found in SAR11 marine bacteria, the ubiquitous clade with the smallest known genome of all free-living heterotrophic cells. 'Normal' marine aerobic bacteria are known to use assimilatory sulphate reduction to acquire sulphur from the environment. But Candidatus Pelagibacter ubique, and other SAR11 microbes, are deficient in this key metabolic pathway. Instead they rely on reduced sulphur compounds in the environment. This identifies compounds such as DMSP and methionine as essential growth requirements for these large plankton populations, a potentially important factor in microbial population dynamics in the oceans.
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