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Host peptidoglycan recognition proteins and NOD receptors modulate the immune response to 
Bordetella pertussis
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Pertussis disease is associated with severe pulmonary inflammation and there is an urgent need to 

understand the mechanisms of pathogenesis to aid development of host-directed therapeutics. 

Bordetella pertussis produces a myriad of toxins to facilitate its pathogenesis, including tracheal 

cytotoxin (TCT), a monomeric fragment of peptidoglycan (PGN). We have identified the PGN 

recognition proteins (PGLYRP) and the host immune receptors, NOD1/2 as key players in the host 

response to infection. We hypothesized that TCT mediates pulmonary inflammatory pathology in mice 

and that therapeutic targeting of TCT may prevent this. To determine the contribution of TCT to host 

inflammatory responses, we infected mice with a mutant strain of B. pertussis which secretes excess 

TCT (TCT+). Mice challenged with TCT+ strain had increased pulmonary pathology supporting the 

idea that TCT drives pertussis pathogenesis. Further, we theorized TCT could be modulating 

inflammation via intracellular PGN sensors, NOD1 and NOD2, so we used cell reporter systems to 

determine if TCT stimulates responses via the NOD receptors. We characterized the interaction of 

TCT with human and mouse NOD1 and NOD2 and found TCT to be a potent stimulus mNOD1, 

implicating the receptor TCT-mediated pathogenesis. Previous work demonstrated PGLYRPs mediate 

host inflammatory responses to B. pertussis. To determine if PGLYRPs can modulate TCT-sensing by 

NOD receptors we used a HEK293-NOD reporter assay. PGLYRP1 and PGLYRP4 were found to 

increase NOD1 responses to TCT and decrease responses to NOD2. Together, these data reveal a 

novel mechanism through which inflammatory responses to B. pertussis TCT are determined.

Ø Bordetella pertussis – Gram-negative
bacteria which causes whooping cough

Ø TCT – toxin released by B. pertussis.
Monomeric fragment of PGN.

Ø PGLYRPs – anti-microbial peptide family
which bind peptidoglycan and kill bacteria.

Ø NOD1 – intracellular receptor which
senses Dap-type PGN and signals through
NF-kB.
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Figure 1. (A, B) NOD1 and NOD2 responses measured via HEK293 cells NF-kB reporter system for different strains of B. pertussis (WT, TCT (-), TCT (+)). (C) Cute B. 
pertussis. (D, E, F) Response curve of human NOD1 (D), mouse NOD1 (E), and human NOD2 (F) for different concentrations of TCT and control (C12-iE-DAP or L18-MDP).

Figure 2. (A) Lung histopathology and (B) IFN-gamma lung RNA of B. pertussis infected WT and PGLYRP4 KO mice. (C)  Lung histopathology and (D) IFN-gamma and IL-
17A lung RNA of B. pertussis infected WT and PGLYRP1 KO mice.

PGLYRPs boost NOD1 response

Figure 3. (A, B) NOD1 and NOD2 responses measured via HEK293 cell reporter system. PGLYRP1 
and 4 were incubated with TCT and MDP and the response was measured via NF-kB reporter.

Figure 4. Proposed mechanisms by which PGLYRPs boost NOD1 response to TCT


