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Inflammasomes have a key role in  
the induction of innate immunity 
against intracellular pathogens.  
These multiprotein platforms 
assemble in response to the detection 
of intracellular pathogens and induce 
pyroptosis, an inflammatory type of 
cell death. The first protein shown 
to form an inflammasome was 
NLRP1, but how its assembly into 
an inflammasome is initiated has 
remained a mystery. Now, two papers 
in Science unravel an unexpected 
mechanism of activation.

The murine NLRP1 paralogue 
NLRP1B detects the activity of 
anthrax lethal factor, a bacterial 
protease that cleaves 44 amino acids 
off the amino terminus of NLRP1B. 
NLRP1B also requires proteasomal 
activity for its activation and is 
known to undergo constitutive 
autoproteolytic cleavage, resulting 
in an N-terminal and a carboxy-
terminal fragment, which remain 
non-covalently bound.

Working on the assumption 
that the N terminus contains an 
auto-inhibitory domain, the group 
of Russell Vance set out to identify 
the amino acid sequence responsible 
for inhibition. However, systematic 
mutation of N-terminal amino 
acids did not provide any clues, and, 
surprisingly, even substitution of the 

whole N terminus with an unrelated 
sequence did not alter the activity 
of the protein. They also found that 
cleavage of as few as ten amino acids 
from the N terminus of NLRP1B 
was sufficient to activate the protein. 
Moreover, enforced degradation 
of NLRP1B (by fusing a sequence 
to its N terminus that targets it for 
proteasomal degradation) induced 
inflammasome activation, even in 
the absence of lethal factor. This 
demonstrated that proteasomal 
degradation is not only necessary  
but also sufficient for activation.

These findings led the authors to 
conclude that NLRP1B might be a  
sensor of its own stability that 
becomes activated through the 
‘functional degradation’ of its 
N terminus. This results in the 
liberation of the non-covalently bound 
bioactive C-terminal fragment, which 
self-assembles, recruits caspase 1 and 
thereby initiates pyroptosis. This, 
of course, raises the possibility that 
NLRP1B might sense any pathogen 
effector that induces proteasomal 
degradation of NLRP1B. Indeed, they 
found that the ubiquitin ligase Ipa7.8, 
secreted by Shigella flexneri, can also 
activate NLRP1B by ubiquitylating a 
site in its N-terminal fragment.

The second paper, by the group 
of Daniel Bachovchin, came to a 
similar conclusion, albeit through 
a different approach. Here, the 
authors used a genome-wide 
CRISPR–Cas9 knockout screen to 
identify genes that are required for 
NLRP1B-mediated pyroptosis. Cells 
were treated with either lethal factor 
or the DPP8/9 inhibitor Val-boroPro 
(VbP), which activates NLRP1B in 
a proteasome-dependent manner 
that does not involve cleavage of the 
N terminus. Several genes involved 

in the N-end rule proteasomal 
degradation pathway, which is 
important for the degradation of 
proteins with destabilized N-terminal 
residues, were identified in the 
screen using lethal factor but not in 
the screen using VbP. Interestingly, 
inhibitors of the N-end rule pathway 
had previously been reported to block 
lethal factor-mediated cell death.

Further biochemical analysis 
demonstrated that full-length 
NLRP1B is lost after treatment 
with either lethal factor or VbP but 
that considerable amounts of the 
C-terminal fragment remain. The 
N-terminal fragment was shown to 
be non-toxic, whereas the C-terminal 
fragment induced pyroptosis. 
Treatment with proteasome 
inhibitors prevented the targeted 
degradation of the N-terminal 
fragment in response to lethal factor 
or VbP, and cells lacking N-end rule 
proteins were protected from lethal 
factor-induced cell death but not 
from VbP-induced pyroptosis.

These results led the authors 
to conclude that the lethal 
factor-mediated N-terminal cleavage 
of NLRP1B leads to the activation of 
the N-end rule pathway, targeting it 
for proteasomal degradation. Due 
to the autoproteolytic cleavage of 
NLRP1B, the C-terminal fragment 
is protected from this fate and 
subsequently seeds inflammasome 
assembly. In contrast, VbP appears 
to stimulate a different proteasomal 
degradation pathway.

Overall, these results suggest 
that NLRP1B may have evolved as 
a natural decoy that acts as a ‘booby 
trap’ for lethal factor and other 
pathogen-encoded activities. Insights 
into these mechanisms could form 
the conceptual basis for designing 
therapeutics targeted at NLRP1.
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