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Inflammasome assembly: The wheels are turning  
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Inflammasomes control host cell 
death and inflammation in response 
to sterile or infectious stimuli. Two 
recent reports published in Science 
reveal the structural basis for the 
assembly of NAIP-NLRC4 inflam-
masomes.

The innate immune response relies on 
germline-encoded pattern-recognition 
receptors that monitor the extracellular 
and intracellular compartments of host 
cells for the presence of pathogens. 
Detection of microbe-derived ligands 
or endogenous danger signals in the 
host cell cytosol can result in the as-
sembly of large multi-protein complexes 
termed inflammasomes, which drive 
the activation of caspase-1, a cysteine 
protease. Once activated, caspase-1 
initiates a pro-inflammatory cell death 
program called pyroptosis, and pro-
motes the maturation and secretion of 
cytokines like interleukin (IL)-1β and 
-18. While inflammasomes play a pro-
tective role against microbial infections, 
uncontrolled inflammasome activation 
is implicated in chronic inflammatory 
disorders such as atherosclerosis, gout 
and diabetes.

NLRC4, a member of the nucleotide-
binding and oligomerization domain 
(NOD)-like receptor (NLR) family, as-
sembles an inflammasome in response 
to bacterial pathogens. Although often 
referred to as a receptor, NLRC4 does 
not directly bind microbe-derived 
ligands, but employs so-called NAIP 
proteins (NLR family, apoptosis in-
hibitory protein) as upstream sensors 
for different ligands [1, 2]. In mice, 
NAIP5/6 were shown to recognize bac-
terial flagellin, while the inner rod and 
the needle subunit of the Salmonella 

typhimurium Type 3 Secretion System 
is recognized by NAIP2 and NAIP1, 
respectively. Previous work showed that 
ligand binding induces the interaction of 
NAIPs with NLRC4 and the formation 
of disk-shaped oligomeric complexes 
[3], but the underlying mechanism was 
unknown.

Zhang et al. [4] and Hu et al. [5] 
have now used Cryo-electron microcopy 
(Cryo-EM) to examine the structure of 
the PrgJ-NAIP2-NLRC4 complex and 
its assembly mechanism. Both studies 
found that the complex has a wheel- or 
disk-like architecture, with 10-12 spokes 
corresponding to individual protomers. 
While it was not possible to distin-
guish NAIP2 and NLRC4 protomers 
within the complex, probably due to 
their conserved domain organization, 
analysis of unfinished NAIP2-NLRC4 
disks indicated that the protomer at 
one end is different from the remaining 
subunits [5]. Nanogold labeling dem-
onstrated that only one NAIP2 is found 
per complex, thus supporting a model in 
which the assembly of the entire NAIP2-
NLRC4 inflammasome starts with the 
ligand-induced activation of one single 
NAIP molecule. As the authors point 
out that this differs strikingly from the 
assembly of the heptameric apoptosome, 
a caspase-9 activating platform, which 
requires ligand-mediated activation of 
every Apaf-1 protomer of the complex 
[4, 5].

How does activated NAIP2 induce 
the progressive oligomerization of 
NLRC4? Structural comparison of the 
atomic model of the NAIP2-NLRC4 
complex and the previously determined 
crystal structure of inactive monomeric 
NLRC4 [6] revealed that a striking ~90° 

hinge rotation accompanies NLRC4 
activation. This conformational change 
results in the formation of a new oligo-
merization surface (referred to as cata-
lytic or nucleating surface) that interacts 
with the next protomer in the wheel-like 
structure and thus facilitates progressive 
oligomerization (Figure 1). A matching 
receptor surface is preformed in the 
inactive NLRC4 molecule, and medi-
ates the recruitment of NLRC4 into 
the growing complex. Intriguingly, 
missense mutations in NLRC4 that 
are associated with autoinflammatory 
conditions map to this important hinge 
region [7-9]. Whether such mutations 
induce the formation of NLRC4 disks in 
the absence of activated NAIPs remains 
to be shown, but the new studies provide 
the structural basis for understanding 
these gain-of-function mutations.

Both studies also found that NAIP2 
itself was precluded from self-oligomer-
ization and further recruitment into the 
complex. Structural analysis showed 
that all NAIP family members feature 
a catalytic or nucleating surface, which 
interacts with the receptor surface of 
inactive NLRC4 and induces the activat-
ing conformational changes that mediate 
progressive oligomerization. However, 
in contrast to NLRC4, NAIPs lack a 
receptor surface matching the nucleat-
ing surface of their own or of NLRC4. 
Thus, NAIPs only act as initiators of 
inflammasome disk formation and only 
one single NAIP member can be found 
to be incorporated into a NAIP-NLRC4 
complex.

Revealing the mechanism of NAIP-
NLRC4 inflammasome formation is a 
major breakthrough, but many myster-
ies remain. An important next step is 
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Finally, it needs to be investigated 
whether the mechanism of NAIP-NL-
RC4 complex formation applies to other 
types of inflammasomes. The PYHIN 
family member AIM2, which activates 
caspase-1 upon recognizing pathogen- 
or host-derived DNA in the cytosol, was 
proposed to oligomerize along double-
stranded DNA instead of forming wheel-
like structures. Nonetheless, other NLR 
family members like NLRP3 might form 
disk-shaped inflammasomes in analogy 
to the NAIP-NLRC4 complex. Indeed, 
gain-of-function mutations in NLRP3 
that are associated with autoinflam-
matory disorders were shown to result 
in auto-oligomerization [11], but the 
Cryo-EM structure of such complexes 
has not yet been solved. Determining 
the structure of other inflammasomes 
will thus be an exiting field of research 
for structural biologist and might reveal 
important insight into the activation 
mechanisms of these receptors.
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to define how the wheel-like complex 
is connected to the downstream signal-
ing components. NLRC4 features a 
caspase-recruitment domain (CARD) 
that can either recruit pro-caspase-1 or 
ASC, a small adaptor protein featuring 
a CARD and a Pyrin domain (PYD), 
through which it oligomerizes to form a 
larger macromolecular  complex known 
as “ASC speck”. Zhang et al. [4] and Hu 
et al. [5] used CARD-deleted NLRC4 
for their studies to avoid unspecific 
oligomerization of the CARD, there-
fore the orientation of the NLRC4CARD 
within the disk could not be determined. 
Consistent with the ability of NLRC4 
to directly interact with and activate 
caspase-1 even in the absence of ASC, 
Zhang et al. [4] showed that complexes 
containing full-length NLRC4 induce 
the oligomerization of the caspase-1CARD. 

Yet since ASC is recruited to activated 
NLRC4 in wild-type cells, it will be also 
interesting to determine whether and 
how NAIP-NLRC4 complexes initiate 
ASC filaments, and how such a macro-
molecular structure looks like.

Another open question is how the 
ligand PrgJ induces NAIP activation and 
where it is located within the wheel-like 
structure. Previous work showed that the 
NOD domain of NAIPs confers ligand 
binding and specificity [10], yet accord-
ing to the new studies the same domain 
also forms the nucleating surface that 
initiates complex assembly. Since thus 
far the structure of inactive or activated 
NAIPs has not been reported, the struc-
tural basis underlying ligand-NOD 
domain interaction is unknown and 
the resulting conformational changes 
remain to determined.

Figure 1 (A) Domain organization of NAIPs and NLRC4 in mice. BIR, Baculovirus In-
hibitor of apoptosis protein Repeat; NOD, nucleotide-binding and oligomerization do-
main; HD1, helical domain 1; WHD, winged-helical domain; HD2, helical domain 2; LRR, 
leucine-rich repeats; CARD, caspase-recruitment domain. (B) Assembly mechanism of 
NAIP-NLRC4 inflammasomes. Binding of their specific ligand activates mouse NAIP 
proteins. The activated NAIP interacts with an inactive NLRC4 molecule and induces 
a conformational change that activates NLRC4, resulting in the generation of a new 
catalytic or nucleating surface. Active NLRC4 molecules recruit and activate NLRC4 
molecules in a domino-like reaction. The completed NAIP-NLRC4 inflammasome is 
a multi-subunit disk-like structure containing 9-11 molecules of NLRC4, but only one 
NAIP molecule. The NLRC4CARD (not shown for simplicity reasons) initiates caspase-1 
activation either through the adaptor protein ASC or directly. Active caspase-1 pro-
motes inflammation and host defense by inducing pyroptotic cell death and cytokine 
maturation. 
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