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TcdR is a sigma factor for toxin gene 
transcription (Mani & Dupuy) �  �

TcdR �

 �

PtcdR � PtcdA �PtcdB �

tcdE � tcdC�tcdR � tcdA �tcdB �

 �

core RNA polymerase�



TcdC is an antagonist of TcdR (Matamouros & Dupuy) �

  �

 �

 �

PtcdR � PtcdA �PtcdB �

tcdE � tcdC�tcdR � tcdA �tcdB �

TcdC�

�
tcdC is expressed during rapid growth, �

but tcdR and the toxin genes are induced �
as cells enter stationary phase.	





CodY and CcpA repress toxin synthesis�
under conditions of nutrient excess�

 �

PtcdR � PtcdA �PtcdB �

tcdE � tcdC�tcdR � tcdA �tcdB �

  �CodY�
[Dineen, McBride and Sonenshein] �

CcpA �

Fructose-1,6- �
bisphosphate �

[Antunes and Dupuy] �
ILV�

(GTP)	
   Glucose �



CodY protein�

N	

 C	


HTH �BCAA Interaction�

Dimer Association�

Activated as a DNA-binding protein �
by isoleucine, leucine and valine (BCAAs) �

and GTP	
  

Regulates dozens of C. difficile metabolic genes �
and the PaLoc genes during rapid exponential growth�

Global regulator of metabolism and virulence in �
Gram-positive bacteria�



Overexpression of the pathogenicity locus 
during growth of a codY mutant of 630E �

  �

 �

 �

PtcdR � PtcdA �PtcdB �

tcdE � tcdC�tcdR � tcdA �tcdB �

104x	
   175x	
   79x	
   52x	
  

(Dineen,	
  McBride	
  and	
  Sonenshein,	
  2010)	
  



Does derepression of toxin genes matter?�
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TcdA and TcdB concentrations in culture fluid of C. difficile 630E and �
its codY TargeTron mutant, as determined by ELISA. �

�
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Cytoxicity (cell rounding) assays of filtered culture supernatants 
harvested at 4 - 48 hrs of growth in TY medium. Test cells: CT26 
monolayers. �
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Is a codY null mutant more virulent than its codY+ parent?�



Sub-lethal challenge dose: 104 heat-resistant CFUs per mouse.�
All mice (10 per group) survived.�

Xingmin	
  Sun	
  





Challenge dose: 106 heat-resistant CFUs; �
all mice (10 per group) survived.�

Xingmin	
  Sun	
  



Why are 630 codY and UK1 codY not equally virulent?�

1) UK1 produces additional virulence factors (either CodY-regulated �
         or CodY-independent) that are missing in 630. �
�
2) UK1 produces the same CodY-regulated virulence factors as �
         630, but at a higher level.�
�



Other CodY-regulated virulence factors?�

Cell surface proteins – CD0440, CD1803 �
�
c-di-GMP signaling proteins – CD0757, CD1476 �
	
  

Metabolic pathways?�

Amino acid biosynthesis and uptake�
Phospholipid biosynthesis�



Fatty acid biosynthesis in C. difficile �
Isoleucine�
Valine�
Leucine�

2-Me-butyryl~P�
Isobutyryl~P�
3-Me-butyryl~P�

2-Me-butyryl CoA �
Isobutyryl CoA �
3-Me-butyryl CoA �

Anteiso C15, C17 �
Iso C14,C16 �
Iso C15, C17 �

ATP�

phospholipid �

CodY �

CodY �

2-Me-butyrate�
Isobutyrate �
3-Me-butyrate�



Stickland metabolism�

Electron donors: �
Alanine�
Isoleucine�
Leucine�
Valine�
	
  

Electron acceptors: �
Proline�
Glycine�
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PrdR �

A putative ATP-dependent regulatory protein of the σ54-activating family.�

N � C�
HTH �ATPase�



prdA	
   prdD	
   prdE	
   prdE2	
  prdB	
  prdR	
   prdF	
  

trxR	
   grdA	
   grdB	
   grdD	
  grdE	
  grdX	
   proP	
  trx	
   grdC	
   CD2346	
   CD2345	
  

D-Proline reductase (prd) operons�

Glycine reductase (grd) operon	
  

Laurent	
  Bouillaut	
  

prdC	
  



trxR	
   grdA	
   grdB	
   grdD	
  grdE	
  grdX	
   proP	
  trx	
   grdC	
   CD2346	
   CD2345	
  

D-Proline reductase (prd) operons�

Glycine reductase (grd) operon	
  

prdA	
   prdD	
   prdE	
   prdE2	
  prdB	
  prdR	
   prdF	
  

Laurent	
  Bouillaut	
  

prdC	
  



prdA	
  expression	
  

prdF	
  	
  
expression	
  

prdC	
  
expression	
  

prdD	
  
expression	
  

grdE	
  expression	
  



.TTTGTTAATAAGTTGGCATAGGAATTGCTT 

TTTGTTTAAAAGTTGGCATAGAAATTGCTT 

prdA	
  promoter	
  region	
  

prdC	
  promoter	
  region	
  

-­‐24	
   -­‐12	
  

Sigma-54-type promoters�
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Does	
  S/ckland	
  metabolism	
  affect	
  toxin	
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Summary: Regulation of Stickland 
Metabolism�

1)  The prd genes are induced by proline.�

2) PrdR is a proline-responsive, direct (?), positive regulator �
        of the prd gene clusters.�
�
3) The grd locus is induced by glycine and �
        repressed by proline.�
�
4) Addition of proline to the medium or accumulation �
        of proline intracellularly inhibits toxin gene expression.�
�
�



Unanswered questions�

1)  Is binding of PrdR to the prd promoter regions�
  stimulated by proline?�
�
2) Is the PrdR the mediator of the proline effect �
  on toxin gene expression?�
�
3) Which regulatory protein controls grd expression?�
�
4) To what extent does Stickland metabolism contribute �
  to pathogenesis in animal models of CDI? �



Toxin regulation overview �
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Deletion of codY increased the virulence of USA300 (MRSA) in mouse models �
of S. aureus necrotizing pneumonia and dermonecrosis. �

Montgomery C P et al. Infect. Immun. 2012;80:2382-2389 
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