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            Abstract
NLRC4 is a cytosolic member of the NOD-like receptor family that is expressed in innate immune cells. It senses indirectly bacterial flagellin and type III secretion systems, and responds by assembling an inflammasome complex that promotes caspase-1 activation and pyroptosis1,2,3,4,5,6. Here we use knock-in mice expressing NLRC4 with a carboxy-terminal 3×Flag tag to identify phosphorylation of NLRC4 on a single, evolutionarily conserved residue, Ser 533, following infection of macrophages with Salmonella enterica serovar Typhimurium (also known as Salmonella typhimurium). Western blotting with a NLRC4 phospho-Ser 533 antibody confirmed that this post-translational modification occurs only in the presence of stimuli known to engage NLRC4 and not the related protein NLRP3 or AIM2. Nlrc4−/− macrophages reconstituted with NLRC4 mutant S533A, unlike those reconstituted with wild-type NLRC4, did not activate caspase-1 and pyroptosis in response to S. typhimurium, indicating that S533 phosphorylation is critical for NLRC4 inflammasome function. Conversely, phosphomimetic NLRC4 S533D caused rapid macrophage pyroptosis without infection. Biochemical purification of the NLRC4-phosphorylating activity and a screen of kinase inhibitors identified PRKCD (PKCδ) as a candidate NLRC4 kinase. Recombinant PKCδ phosphorylated NLRC4 S533 in vitro, immunodepletion of PKCδ from macrophage lysates blocked NLRC4 S533 phosphorylation in vitro, and Prkcd−/− macrophages exhibited greatly attenuated caspase-1 activation and IL-1β secretion specifically in response to S. typhimurium. Phosphorylation-defective NLRC4 S533A failed to recruit procaspase-1 and did not assemble inflammasome specks7 during S. typhimurium infection, so phosphorylation of NLRC4 S533 probably drives conformational changes necessary for NLRC4 inflammasome activity and host innate immunity.
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                    Figure 1: NLRC4 Ser 533 is phosphorylated in response to  S. typhimurium.


Figure 2: NLRC4 Ser 533 phosphorylation is essential for NLRC4-dependent caspase-1 processing.



Figure 3: PKCδ phosphorylates NLRC4 Ser 533 after S. typhimurium infection.



Figure 4: NLRC4 S533 phosphorylation is required for inflammasome assembly after S. typhimurium infection.
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        Editorial Summary
NLRC4 phosphorylation in innate immunity
The NOD-like receptor NLRC4 acts as an inflammasome receptor and is an important part of the innate immune system. Vishva Dixit and colleagues now show that NLRC4 phosphorylation is essential for activation of the NLRC4 inflammasome complex in response to bacterial stimuli. Biochemical purification of the NLRC4-phosphorylating activity and a screen of kinase inhibitors suggest that PKCδ is the NLRC4 kinase involved.
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