
       
            

     

 
       

      
 

  

     

     
    

   
  

   

      

   
   
   

 

   
      

  

    
 

 
   

 
  

  
  

 

    
  

  

 

 

       

 

 

Determining the Role of Siderophores in
Clostridioides difficile Pathogenesis 

Jessica L. Hastie, Bailey M. Werner, Hannah L. McMichael, Kristin Dunbar, and Paul E. Carlson, Jr. 
Laboratory of Mucosal Pathogens and Cellular Immunology, Division of Bacterial Parasitic and Allergenic Products, Office of Vaccines Research and Review, Center for Biologics Evaluation and Research, 

United States Food and Drug Administration, Silver Spring, MD, USA 

Results Abstract 
Clostridioides difficile (Cd) is the leading cause of antibiotic associated diarrhea. During colonization, Cd 
must obtain essential nutrients for growth, including iron, which is used both by host cells and bacteria for 
many cell processes. Very little free iron is available in a mammalian host due to many iron storage 
mechanisms. Bacterial pathogens have evolved numerous mechanisms for acquiring iron, including small,
high-affinity molecules called siderophores. Cd grows poorly in iron depleted media (IDM). The 
siderophores ferrichrome, enterobactin, salmochelin, and yersiniabactin (YBT) restore Cd growth in this
media comparable to supplemented iron. Pathogenic bacteria can gain a competitive advantage if they
produce their own local pool of siderophore. The ability of Cd to produce and/or utilize siderophore from 
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Figure 1. C. difficile strain VPI 10463 can utilize Figure 2. VPI 10463 produces a siderophore. Cultures were grown overnight in 

iderophores as sole iron source. An overnight BHIS. The cells were pelleted and washed with PBS. The pellet was resuspended in 
cul low salt IDM, adjusted to an OD 0.5 and used to back-dilute 1:10 into low salt IDM. 
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sterile drinking water for five days and
days before administering C. difficile WT and ∆irp2 (~ 900 spores) or
∆ybtPQ (~400 spores) by oral gavage. A. Survival in days post iron depleted
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CFU/g of C. difficile on day 1.C. difficile 
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a allowing C. difficile spores to germinate and What genes are involved in siderophore uptake? 
The main risk factor for C. difficile infection is
disrupt the normal microbio t
colonize. ~223,900 people are infected with C. difficile every year and 
~12,800 result in death (CDC, 2017).   

Iron
Iron is an essential nutrient for most living organisms and most of the iron
(~75%) in humans is found in heme associated with hemoglobin within 
erythrocytes. Surplus iron is quickly bound by host iron storage proteins 
transferrin and lactoferrin. One mechanism bacteria use to acquire iron are 
small lecules called siderophores. Some pathogenic bacteria can use 
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OBJECTIVE: Make clean deletions of putative 
derophore biosynthetic and transporter genes to 
determine if C. difficile produced siderophore 

contributes to colonization. 

ons ron
li ron

PBS. The pellet was resuspended in IDM and adjusted to an OD of 0.1 to inoculate IDM supplemented ferrichrome (2 μM). Da
representative of three independent replicates. 

ta are ion. 

Conclusions and Future Directions 
Big picture questions for the future:

1. VPI 10463 produces siderophore as measured by the CAS assay. 3. In strain Cd630 and VPI 10463 the transporter FhuDBGC 
However, upon further incubation, ∆irp2 and Cd630 supernatants shows specificity for ferrichrome. We are currently examining • Only some strains of C. difficile have the genes to make a siderophore, is siderophore 
chelate CAS media at the same rate. Likely, an interfering chelator is the ability of the other two transporters (16470-16500 and production important for colonization? Similar to predictions in C. difficile, yersiniabactin is only 
produced. 29920-29890) to utilize different siderophores. produced by some Yersinia and E. coli strains, which in those organisms contribute to pathogenesis. 

Although the ∆irp2 or ∆ybtPQ mutations did not have a clear phenotype in VPI 10463, yersiniabactin
2. There was no difference between WT and mutants ∆irp2 and ∆ybtPQ 4. In the presence of salmochelin several iron regulated genes are may provide a growth advantage during colonization in other strains. 

in the mouse model of CDI. The two WT mice that survived were not down-regulated. These include the three putative siderophore 
colonized with C. difficile. Colonization with C. difficile strain VPI transporters that are upregulated in low iron conditions. We are 
10463 in mice causes rapid disease progression due to the high investigating why salmochelin turns down iron acquisition • What is the advantage of producing a local pool of siderophore vs “stealing” xenosiderophores 
amounts of toxin this strain produces. We have identified several other mechanisms compared to iron or the other siderophores ed. from the commensal microbiota during infection? Those strains lacking the siderophore 
strains that contain the siderophore locus, but produce l biosynthetic genes are still able to utilize siderophore. In the future, we plan to compete yersiniabactin
based on data from Car son et a ., 2014 Anaerobe. We are n the 
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