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ONE-SENTENCE SUMMARY: The specific NLRP3 N-terminal domain is essential for 

NLRP3 activation and inflammasome formation in response to K+ efflux.  
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ABSTRACT 

The NLRP3 inflammasome is activated in response to a wide range of stimuli and drives 

diverse inflammatory diseases. The decrease of intracellular K+ concentration is a 

minimal upstream signal to most of the different NLRP3 activation models. Here we 

found that cellular K+ efflux induces a stable structural change in the inactive NLRP3 

promoting an open conformation as a step preceding activation. This conformational 

change is facilitated by the presence of the specific NLRP3 FISNA domain and a unique 

flexible linker sequence between the PYD and FISNA domains. This linker is also 

important to facilitate the ensemble of NLRP3PYD into a seed structure for ASC 

oligomerization. The introduction of the NLRP3 PYD-linker-FISNA sequence into NLRP6 

resulted in a chimeric receptor able to be activated by K+ efflux-specific NLRP3 activators 

and promoted an in vivo inflammatory response to uric acid crystals. Our results establish 

that the N-terminal sequence between PYD and NACHT domain of NLRP3 is key for 

inflammasome activation. 
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INTRODUCTION 

NLRP3 forms a unique inflammasome because it can be activated in response to many 

different and exclusive stimuli, most of them are sterile damage-associated molecular 

patterns (DAMPs) from the host (1, 2). This implicates NLRP3 in the pathophysiology of 

different chronic inflammatory diseases that are not driven by infections, as well as, in 

metabolic and neurodegenerative diseases (2). The different NLRP3 activating stimuli 

converge in the interaction of NLRP3 with several accessory molecules to facilitate its 

activation. These molecules include, among others, the protein never in mitosis A-related 

kinase 7 (NEK7), the thioredoxin-interacting protein (TXNIP), the microtubule-affinity 

regulating kinase 4 (MARK4), the stress granule DEAD box helicase 3 X-linked protein 

(DDX3X), the mitochondrial antiviral-signaling protein (MAVS) and the receptor for 

activated protein C kinase 1 (RACK1), as well as exposed cardiolipin in mitochondria or 

phosphatidylinositol-4-phosphate (PtdIns4P) in dispersed trans Golgi network (3–9). 

However, the decrease of intracellular K+ is a common minimal cellular step for the 

majority of NLRP3 stimuli (10, 11), being the interaction of NLRP3 with NEK7 or with 

PtdIns4P in dispersed trans Golgi network dependent on intracellular K+ efflux (3, 4). 

However, how a decrease in the intracellular K+ concentration, a key common step for 

NLRP3 activation (12), favors NLRP3 inflammasome assembly remains unknown. After 

activation, NLRP3 homo-oligomerizes forming a multimeric structure that recruits the 

adaptor protein ASC (13), and then ASC molecules form large filaments by subsequent 

ASCPYD-ASCPYD homotypic interactions (14). Then, ASC filaments form a single large 

structure (called ASC ‘speck’), that recruits and activates caspase-1 (15, 16). Active 

caspase-1 controls downstream inflammasome signaling executing the processing of 

pro-inflammatory cytokines, such as interleukin (IL)-1b, and gasdermin D a protein 

inducing pyroptotic cell death (17). Pyroptosis also allows the release of ASC specks 

amplifying the inflammatory response and provoking among other effects, amyloid 

deposition (18–20). 
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In this study, by using a bioluminescence resonance energy transfer (BRET) technique 

to monitor NLRP3 conformational changes, we have identified that the specific N-

terminal NLRP3 linker and FISNA domain are key to provoke a stable change on the 

inactive NLRP3 structure after a decrease of intracellular K+ concentration, allowing 

activation of NLRP3. The sequence between the PYD and FISNA domains should 

probably be a flexible linker that also favors the correct placement of NLRP3PYD to 

engage ASC into the inflammasome. However, this linker sequence is dispensable for 

K+-efflux dependent NLRP3 structural change and oligomerization, as NLRP3 with 

deletions of this region are activated in a K+-efflux dependent manner. NLRP6 harboring 

the NLRP3 PYD-linker-FISNA sequence is able to form a functional inflammasome in 

response to K+ efflux, and drives an in vivo immune response in the NLRP3-specific uric 

acid crystal model. These different unique structural features of NLRP3 involved in this 

response can explain why only NLRP3 and no other NLRs can be activated in response 

to intracellular K+ decrease. 
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RESULTS 

NLRP3 structure is modified by intracellular K+ efflux 

LPS-primed mouse macrophages treated with increased concentrations of the K+ 

ionophore nigericin, dose-dependently decreased intracellular K+ concentration and in 

parallel increased IL-1b release (calculated IC50 of 0.8 µM and 1.5 µM respectively) (Fig. 

1A). Similarly, other two K+ ionophores, valinomycin and BB15C1, were also able to 

induce IL-1b release with a parallel decrease of intracellular K+ concentration (Fig. S1). 

Nigericin-induced IL-1b release was dose-dependently inhibited by increasing 

concentrations of extracellular KCl, with an IC50 of 16 mM (Fig. 1B). To rule out unspecific 

effects of the increase of extracellular K+ concentrations, we used extracellular Rb+, a 

slightly larger metal ion analogue to K+ that mimics a lower K+ conductance in most ion 

channels and ionophores. We found that extracellular RbCl, but not CsCl or LiCl (ions 

that do not permeate through K+-selective pores), blocked IL-1b release induced by 

nigericin, without significantly impairing IL-1b release associated to the K+-insensitive 

Pyrin inflammasome activated by C. difficile toxin B (TcdB) (Fig. 1C). These results and 

previous data (12, 21), confirm that a decrease of intracellular K+ is linked to the 

activation of the NLRP3 inflammasome. To gain insight on how the decrease in 

intracellular K+ could activate NLRP3, we used HEK293T cells as a validated cellular 

model to study NLRP3 oligomerization and activation (4, 22–24). We found that nigericin 

treatment induced NLRP3 oligomerization, being this oligomerization blocked by 

extracellular KCl (Fig. 1D). NLRP3 oligomers induced by nigericin in HEK293T cells 

colocalize with ASC specks (when ASC was co-expressed together NLRP3), similarly to 

when NLRP3 is activated in macrophages (Fig. 1E), suggesting that the NLRP3 

oligomers found in HEK293T cells after nigericin treatment present a functional structure. 

We next used an NLRP3 BRET sensor expressed in HEK293T cells (22, 25), and found 

that nigericin induced a decrease of the BRET signal for NLRP3 that was stable for up 

to 1.5 h after stimulation (Fig. 2A). Increasing extracellular KCl concentration impaired 
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nigericin-induced NLRP3 BRET signal change (Fig. 2A), indicating that K+ efflux could 

stably change the structure of NLRP3. The structural change induced by nigericin in 

NLRP3 was dose-dependently inhibited by increasing concentrations of extracellular KCl 

with an IC50 of 43 mM (Fig. 2B). Extracellular Rb+-based buffer, but not a Li+-based buffer, 

also blocked the stable NLRP3 BRET signal decrease induced by nigericin (Fig. 2C). 

The use of valinomycin and BB15C1 K+ ionophores, as well as the activation of P2X7 

receptor with ATP (in HEK293T cells expressing P2X7), resulted in a stable decrease of 

NLRP3 BRET signal that was impaired when the extracellular solution contained 

elevated concentration of KCl (Fig. 2D). The decrease of the NLRP3 BRET signal has 

been recently reported to be a transient intermediate NLRP3 structure with an open 

conformation that promotes activation (22), indicating that intracellular K+-efflux could 

open NLRP3 structure favoring its oligomerization. In the absence of a full length NLRP3 

structure in inactive and active conformation it is difficult to precisely interpret the change 

in BRET signal. Our previous studies demonstrated that upon NLRP3 triggering, the 

NLRP3 BRET signal is reduced and that NLRP3 with CAPS-related mutants have lower 

resting BRET signals (9, 24–27), indicating a distancing of luciferase and YFP epitopes 

by an opening of the NLRP3 structure. Therefore, we modeled a semi-open and an open 

NLRP3 conformation based on the recent NLRP3 structure (6NPY) and the structure of 

NLRC4 inside an oligomer (3JBL) (28, 29), and we found that structurally a hinge that 

allowed this conformational change was on the NACHT domain (residues 417-441 inside 

the HD1 motif, Fig. S2A). This hinge was able to move in block a compact helix bundle 

of the NACHT domain and was conserved in the NACHT of other NLRs, as NLRP6 (Fig. 

S2A). By analyzing NLRP3 structures, we found that in the semi-activated not fully open 

structure (6NPY) the nucleotide binding pocket was hidden and would prevent ATP entry 

(Fig. S2B). On the contrary, the open NLRP3 structure presents an accessible 

nucleotide binding pocket that could allow exchange of nucleotides and the entry of ATP 

(Fig. S2B). Since ATP hydrolysis is important for NLRP3 activation (30), our data support 
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that the conformational opening of NLRP3 structure would favor ATP entry and further 

NLRP3 activation. 

 

NLRP3PYD is dispensable for NLRP3 oligomerization, but is necessary to form 

active NLRP3 oligomers 

We recently demonstrated that the LRR domain of NLRP3 is not a repressor domain and 

is dispensable for NLRP3 activation (31), this led us to study if the N-terminal domain 

could have a role in the activation of NLRP3. NLRP3 lacking the PYD N-terminal domain 

(DPYD-NLRP3, D1-91) was able to oligomerize after nigericin stimulation (Fig. 3A) and 

to reduce the BRET signal similar to the one observed in NLRP3 wild-type after nigericin 

treatment (Fig. 2A,3B). DPYD-NLRP3 BRET signal was intramolecular (Fig. S3A), 

similarly to the full-length NLRP3 (22, 25). Oligomerization and the decrease of the 

DPYD-NLRP3 BRET signal induced by nigericin, was blocked using an extracellular 

buffer with elevated KCl concentration (Fig. 3A,B), demonstrating that the PYD domain 

is not necessary for NLRP3 oligomerization in response to intracellular K+-efflux. 

However, DPYD-NLRP3 expressed in NLRP3-deficient macrophages (Fig. S3B) was 

unable to induce the release of IL-1b after nigericin activation (Fig. 3C), as it could not 

bind to ASC (Fig. 3D). Therefore, the PYD domain is not necessary for NLRP3 

oligomerization, suggesting that is not the trigger-sensing domain, but is crucial to form 

fully functional NLRP3 oligomers by allowing the recruitment of ASC.  

 

The NLRP3 sequence between the PYD and NACHT is important for inflammasome 

activation in response to K+-efflux 

Since the PYD domain was not critical for NLRP3 oligomerization in response to K+ 

efflux, but was important to engage ASC and form functional inflammasomes, we 
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decided to model the NLRP3 oligomeric structure including the N-terminal PYD and the 

sequence up to the NACHT domain. In NLRP3, this sequence is encoded by a specific 

exon present only in mammalian NLRP3 sequences among all NLRPs (Fig. S4A-C), and 

then is followed by the fish-specific NACHT associated (FISNA) domain (PFAM: 

PF14484), a domain frequently found in proteins associated with the NACHT domain 

and only present in two of the human NLRs: NLRP3 and NLRP12 (Fig. S4C). NLRP3 

modelling was done using the structure of NLRP3 in complex with NEK7 (6NPY) (28) 

and the structure of the NLRP3PYD domain (3QF2) to complete the structure that was 

optimized to avoid clashes (Fig. 4A,B). This model showed that the NLRP3FISNA domains 

were actually interacting between NLRP3 monomers inside the oligomer (Fig. 4A,B). 

The sequence encoded by the NLRP3 exon 3 (residues 92-132) appeared as a linker 

formed by an a-helix and a flexible sequence that is able to position the PYD domains 

of the different NLRP3 subunits in a compatible conformation with the assembly of 

ASCPYD domains forming an helical fiber (Fig. 4A,B). At the end of the a-helix of the 

linker there is a polybasic sequence (KMKK132) associated with NLRP3 activation, as it 

mediates the binding of NLRP3 to negatively charged phospholipids, as PtdIns4P in the 

dispersed trans Golgi network, a phenomenon occurring by a stimulus-specific 

mechanism (4). Our model predicts that these positively charged residues, together with 

the positive residues at the beginning of the FISNA domain (RKKYRKYVRSR145) (Fig. 

S5), allow the linker a-helix to position the PYD domain nearer or farther the FISNA 

domain in the oligomeric structure, placing it in an oligomeric helix and creating a seed 

for ASCPYD nucleation (Fig. 4A). Based on this model, we would expect that the removal 

of the NLRP3 linker sequence would decrease the engagement of ASC, meanwhile the 

lack of the FISNA domain would dramatically affect NLRP3 oligomerization. 

Indeed, in Nlrp3−/− macrophages, expression of NLRP3 serial truncations of the 

sequence between the PYD and NACHT domain, maintaining the PYD domain (Fig. 

S4A), confirmed a progressive lack of activity as denoted by a decrease of IL-1b release 
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induced by nigericin (Fig. 5A). Although the release of IL-1b induced by nigericin was 

reduced when macrophages expressed NLRP3 D92-120 and D92-132 (lacking partially 

or totally the linker sequence), it was blocked when nigericin was added in an 

extracellular buffer with an elevated KCl concentration (Fig. 5A). Expression of NLRP3 

truncations getting into the FISNA domain (D92-148) or deleting the middle or final 

sequence of the FISNA domain (D149-180 or D181-217), or complete sequence between 

PYD and NACHT (D92-217) resulted in a receptor that was unable to induce IL-1b 

release after nigericin stimulation (Fig. 5A, S6A). In fact, the expression of NLRP3 D92-

120 in Nlrp3−/− macrophages resulted in nigericin induced activation of caspase-1 and 

processing of IL-1b and GSDMD (Fig. 5B). The specific NLRP3 inhibitor MCC950 was 

able to block caspase-1 activation and IL-1b release by NLRP3 D92-120 activation (Fig. 

5B), confirming that this NLRP3 truncation presented a canonical NLRP3 activation, 

since the target sequence for MCC950 relays on the NLRP3NACHT domain (22, 32). In 

contrast, these macrophages expressing different NLRP3 truncations released similar 

concentrations of IL-1b when the Pyrin inflammasome was activated (Fig. S6B) and 

similar concentrations of IL-6 after LPS priming (Fig. S6C). Our NLRP3 structural 

modeling predicts that the linker sequence is required to position NLRP3PYD in an optimal 

helical filament that will seed and nucleate ASCPYD, but not to stabilize NLRP3 oligomers 

(Fig. 4A,B). We confirmed that macrophages expressing NLRP3 D92-120 and D92-132 

(lacking partially or totally the linker sequence) were able to increase the percentage of 

cells with ASC specks when treated with nigericin, but this increase was highly reduced 

when NLRP3 D92-132 was expressed and completely absent when NLRP3 D92-148 was 

expressed (Fig. 5C,D). We then studied oligomerization of NLRP3 D92-120, D92-132 

and D92-148 truncations when expressed in HEK293T cells (lacking ASC expression). 

Both NLRP3 D92-120 and D92-132 truncations, but not the D92-148 truncation, were 

able to oligomerize after nigericin stimulation (Fig. 5D). As our model predicted (Fig. 4A), 

in macrophages expressing the NLRP3 D92-132 truncation, several NLRP3 oligomers 
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were not co-localizing with the ASC specks (Fig. 5D). These data support the idea that 

the FISNA domain would be important for NLRP3 oligomerization in response to 

nigericin. However, the linker sequence could be important to allow an optimal 

engagement of ASC to the NLRP3 oligomers. Truncation of the linker sequence (92-132) 

resulted in a less flexible linker, that did not affect NLRP3 oligomerization upon K+-efflux. 

We next found out that the expression of NLRP3 BRET sensor carrying different 

deletions in the region between PYD and NACHT domain in HEK293T cells resulted in 

an intramolecular BRET signal (Fig. S6D,E). Nigericin induced a K+-efflux dependent 

stable reduction of NLRP3 BRET signal for D92-120 and D92-132 deletions, but not for 

D92-148 (Fig. 5E). The BRET signal from different deletions of the FISNA sequence 

(D149-180 and D181-217), that failed to induce IL-1b release in response to nigericin 

(Fig. S6A), was also not affected by nigericin (Fig. 5F). Moreover, the reduction of 

NLRP3 D92-132 BRET signal induced by nigericin, was reverted in the presence of 

MCC950 (Fig. 5E), similarly to the effect of this compound on the full-length NLRP3 

BRET signal (22). This further support that the stable reduction of NLRP3 BRET signal 

lacking the linker sequence reflect an open active NLRP3 conformation. The fact that 

human NLRP3 D92-132 was still able to respond to K+ efflux induced by nigericin could 

suggest that the identified polybasic sequence in the mouse NLRP3 sequence (KKKK130) 

important for activation (4) might be functioning differentially in the human NLRP3. In 

fact, specific mutations of the KMKK132 polybasic sequence of human NLRP3 to AMAA132 

released similar IL-1b after nigericin stimulation when compared to NLRP3 wild-type or 

polybasic RMRR132 rescue mutant expressed in macrophages lacking endogenous wild-

type NLRP3 (Fig. S6F). High extracellular K+ blocked this activation, and the release of 

IL-1b dependent on Pyrin inflammasome activation was unaffected by the presence of 

these mutations (Fig. S6F). Furthermore, NLRP3 AMAA132 mutant was also able to 

oligomerize after nigericin treatment when expressed in HEK293 cells in a K+-efflux 

dependent manner (Fig. S6G). Specific AMAA132 mutation in NLRP3 also resulted in a 
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reduced BRET signal in response to nigericin with a similar profile than wild-type and 

RMRR132 mutant NLRP3 (Fig. S6H). These data suggest that binding to PtdIns4P in the 

dispersed trans-Golgi network in the human NLRP3 by the KMKK132 sequence is not as 

critical as for the mouse NLRP3 with a KKKK130 sequence (4). This could reflect that the 

presence of a second polybasic region in the human NLRP3 (RKKYRKYVRSR145) at the 

beginning of the FISNA domain could be important for human NLRP3 interaction with 

dispersed trans-Golgi network after K+-efflux. 

 

NLRP3 PYD-linker-FISNA sequence renders NLRP6 sensitivity to K+-efflux 

To corroborate the structural model data and that the NLRP3 linker-FISNA sequence is 

important to activate NLRP3 inflammasome in response to K+-efflux, we constructed 

chimeric receptors with NLRP6, a receptor that is not activated by K+-efflux (33, 34). 

NLRP6 presents a shorter sequence between the PYD and NACHT domains since it 

lacks the flexible linker sequence coded by the unique NLRP3 exon 3 (Fig. S7A,B). 

Furthermore, NLRP6 does not have a conserved annotated FISNA domain, but presents 

some conserved features with the NLRP3 FISNA domain, particularly an initial polybasic 

sequence and some structural motifs, including three putative residues interacting with 

the nucleotide, with an overall similarity of 46.1% and a 49.3% homology with the FISNA 

family signature (Fig. S7B,C). We first demonstrated that NLRP6 was not endogenously 

expressed in the Nlrp3−/− macrophages used in this study (Fig. S8A) and the expression 

of NLRP6 led to the release of IL-1b induced by lipoteichoic acid (Fig. S8B), indicating 

that NLRP6 when expressed in these macrophages was able to form functional 

inflammasomes as has been already reported (33). We then expressed in Nlrp3−/− 

macrophages NLRP6 containing different lengths of the NLRP3 N-terminal sequence, 

starting from the NLRP3PYD domain (1-91), the NLRP3PYD and the flexible linker 

sequence (1-132), and the NLRP3 PYD-linker-FISNA (1-217). Nigericin was not able to 
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induce the release of IL-1b when macrophages expressed the full-length NLRP6, but the 

NLRP3/6 chimeric receptors released increased concentrations of IL-1b in response to 

nigericin when the longer NLRP3 sequence was introduced into the NLRP6 (Fig. 6A). 

However, the K+-efflux dependence for IL-1b release after nigericin stimulation was 

clearly observed for the full-length NLRP3 and the chimera NLRP3(1-217)-NLRP6(196-

892) (Fig. 6A). This data supports the notion that the NLRP3 N-terminal sequence 

between PYD and NACHT facilitates the formation of functional inflammasomes that 

promote the recruitment of ASC in response to K+-efflux. Due to the similarity of NLRP3 

FISNA with the NLRP6 sequence between PYD and NACHT (Fig. S7B), this last one 

could be taking a similar conformation and some functionality in sensing K+-efflux, since 

NLRP6 also present a polybasic sequence KKKYREHVLQL129 (Fig. S7A,B) that was 

present in the chimeras NLRP3(1-91)-NLRP6(104-892) and NLRP3(1-132)-NLRP6(104-

892) (Fig. 6A). Expression of the different chimeric receptors was not able to affect IL-

1b release after Pyrin inflammasome activation or IL-6 release after LPS priming (Fig. 

S8C,D). Furthermore, the chimera NLRP3(1-217)-NLRP6(196-892) was able to activate 

caspase-1 and process IL-1b in response to nigericin in a caspase-1 dependent manner 

(Fig. 6B,C), but the release of IL-1b induced by nigericin was insensitive to MCC950 

(Fig. 6C), supporting the idea that this compound specifically targets the NLRP3NACHT, 

but not the NLRP6NACHT domain (22, 32). The chimera NLRP3(1-217)-NLRP6(196-892) 

was also able to increase the percentage of cells with ASC specks when macrophages 

Nlrp3−/− were activated with nigericin (Fig. 6D) and in HEK293T cells in a K+-efflux 

dependent manner (Fig. 6E). Nigericin was able to induce oligomerization of chimeric 

NLRP3(1-217)-NLRP6(196-892) when expressed in HEK293T cells without ASC, and 

the formation of these oligomers were abolished when high extracellular KCl was used 

(Fig. 6F). This suggests that the NLRP3 PYD-linker-FISNA sequence is a key region to 

induce a conformational change in NLRP3 after K+ efflux and favor NLRP3 activation. 
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The NLRP3 N-terminal domain is important for activation in response to crystals 

Particulate matter, such MSU crystals, activate NLRP3 by a decrease of the intracellular 

K+ concentration (12, 35). However, the kinetics of NLRP3 activation induced by crystals 

is slower than when K+-efflux is driven by an ionophore or the activation of ion channels 

(36), probably due to the slow dilution of intracellular K+ concentration when MSU 

induces cell swelling (35). We found that MSU induced IL-1b release from Nlrp3−/− 

macrophages expressing NLRP3 with the deletion D92-120 and much less with the 

deletion D92-132, but not when the deletions D92-148 or D92-217 were expressed (Fig. 

7A). High extracellular K+ was able to significantly reduce IL-1b release induced by 

NLRP3 D92-120 and D92-132 (Fig. 7A), supporting the data observed with nigericin. The 

NLRP3 mutant AMAA132 was also able to release IL-1b in a K+-dependent manner upon 

MSU activation similarly to the polybasic RMRR132 mutant (Fig. S8E), further supporting 

that human KMKK132 NLRP3 sequence is dispensable for activation. Swapping NLRP6 

N-terminus sequence with the NLRP3 sequence resulted in a chimeric receptor that 

when expressed in Nlrp3−/− macrophages released IL-1b after MSU treatment when the 

NLRP3 sequence included the PYD and the linker sequence (1-132) or the PYD-linker-

FISNA (1-217), dependent on K+-efflux (Fig. 7B). These results support that the 

activation of NLRP3 induced by MSU crystals could also be facilitated by the linker (92-

132) sequence. 

 

The linker sequence is important for NLRP3 activation in response to specific K+-

independent NLRP3 stimulus 

NLRP3 can be also activated by imiquimod and derivatives in a K+-efflux independent 

manner (37), and the mouse NLRP3 polybasic sequence KKKK130 of the linker domain 

has been reported as critical for this activation (4). Here we found that the human NLRP3 

D92-120 deletion, but not the D92-132, D92-148 or D92-217 deletions, was able to induce 
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IL-1b release after imiquimod treatment when expressed in Nlrp3−/− macrophages (Fig. 

7C). Accordingly, IL-1b release induced by imiquimod in NLRP3 D92-120 deletion was 

insensible to K+-efflux (Fig. 7C), indicating that the predicted a-helix of the linker 

sequence found in 120-132 sequence could be important for K+-independent stimulation 

of NLRP3. However, the KMKK132 polybasic sequence appears not to be critical for 

NLRP3 activation in response to imiquimod, as Nlrp3-/- macrophages expressing 

AMAA132 NLRP3 mutants were able to release IL-1b in a K+-independent manner after 

imiquimod activation (Fig. S8F). Furthermore, including NLRP3 PYD-linker (1-132), or 

NLRP3 PYD-linker-FISNA (1-217) of NLRP3 in NLRP6 background resulted in a 

chimeric receptor that when expressed in Nlrp3−/− macrophages released IL-1b after 

imiquimod treatment (Fig. 7D). In fact, imiquimod was able to induce NLRP3 

oligomerization (Fig. 7E) and decreased NLRP3 BRET signal (Fig. 7F) independently of 

K+ efflux. These data support that imiquimod could also induce a conformational change 

in NLRP3 for activation and that the NLRP3 linker sequence (92-132), and particularly 

the N-tail of the a-helix, is key to activate NLRP3 in response to imiquimod in a K+-efflux 

independent manner. 

 

NLRP6 with the NLRP3 PYD-linker-FISNA sequence induces an inflammatory 

response in vivo 

MSU crystals induce inflammation through NLRP3 receptor activation (38). In fact, 

NLRP3 deficient mice present less peritoneal IL-1b and less peritoneal granulocyte 

infiltration when challenged intraperitoneally with MSU crystals compared to wild-type 

mice (Fig. S9A), being this an established model for NLRP3-driving peritonitis (38). We 

developed a model using Nlrp3−/− mice intraperitoneally reconstituted with immortalized 

Nlrp3−/− mouse macrophages expressing either NLRP6, the chimera NLRP3(1-217)-

NLRP6(196-892) or NLRP3, and then challenged with intraperitoneal MSU crystals (Fig. 
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8A). These macrophages were present in the peritoneum by the time MSU would be 

administered and after the final recovery of peritoneal exudates (Fig. S9B). The 

recovered recombinant peritoneal macrophages were functional activating the 

inflammasome (Fig. S9C). MSU crystals induced an increase of IL-1b and IL-18 

concentration in the peritoneum of Nlrp3−/− mice reconstituted with Nlrp3−/− macrophages 

expressing NLRP3 and the chimera NLRP3(1-217)-NLRP6(196-892), but not when 

NLRP6 was expressed (Fig. 8A). IL-6 concentration in the peritoneum of these mice was 

very low and similar between the different macrophages reconstituted into the 

peritoneum (Fig. S9D). Mice reconstituted with macrophages with the chimeric 

NLRP3(1-217)-NLRP6(196-892) and full length NLRP3 receptor, induced an increase of 

IL-1 dependent chemokines CXCL1, CXCL10 and CCL2 in the peritoneum of mice 

intraperitoneally injected with MSU crystals (Fig. 8B) and with a parallel increase of the 

percentage of infiltrating granulocytes (Fig. 8C). This in vivo model indicates that the 

NLRP3 PYD-linker-FISNA sequence is key to initiate an inflammatory response to MSU 

crystals.  
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DISCUSSION 

The NLRP3 inflammasome has been implicated in multiple diseases and therefore its 

activation mechanism involves diverse signalling steps that remain not fully understood. 

However, the majority of NLRP3 triggers share the requirement to induce a reduction in 

the intracellular concentration of K+ (10, 11). In the present study we identified that the 

inactive NLRP3 protein structure changes to favour activation in response to low 

concentrations of intracellular K+. The linker and FISNA domain, a NLRP3-specific 

domain, both located between the N-terminal PYD and central NACHT domains, are 

important to activate NLRP3 when intracellular K+ decreases and also when K+-

independent activators are used. The notion that the LRR domain of NLRP3 could be 

responsible for a ligand-binding activation model, has been recently challenged by the 

identification of a minimal NLRP3 sequence lacking the LRR that is activated in a K+-

efflux dependent manner similarly to the full-length NLRP3 (31). Our results support this 

model as we identified the region between the PYD and NACHT domains as critical for 

NLRP3 activation. The interaction of mouse NLRP3 with negatively charged lipids in the 

dispersed trans-Golgi network by a polybasic sequence present in the region between 

the NLRP3 PYD and NACHT domain (KKKK130) at the end of exon 3, is important for its 

activation (4). However, while the dispersion of trans-Golgi network induced by the 

different NLRP3 activators is independent of K+-efflux, the activation of NLRP3 is blocked 

by increasing extracellular concentrations of KCl and therefore dependent on the efflux 

of K+ (4, 12). To avoid possible artefacts of the use of elevated concentrations of 

extracellular KCl, we also found that NLRP3 is equally blocked by increasing extracellular 

RbCl, being Rb+ mimicking K+ conductance in most K+ permeable channels and 

ionophores. Our data indicate that the decrease of intracellular K+ concentration changes 

the inactive structure of NLRP3, resulting in a conformation favouring the functional 

oligomerization of the receptor into active oligomers. This conformational change is 

independent of the partially conserved polybasic region of mouse NLRP3 that binds to 

PtdIns4P (KKKK130), as the human NLRP3 (KMKK132) mutant lacking this region (D92-
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132) or the AMAA132 mutant were still undergoing the same conformational change as 

measured by a reduction of the BRET signal. Although in the absence of a full length 

NLRP3 structure in active conformation it is difficult to interpret the change in BRET 

signal, it suggests that either a conformational change occurs before NLRP3 binding to 

negatively charged lipids on the dispersed trans-Golgi network or that an additional 

polybasic sequence found at the beginning of the FISNA domain in the human NLRP3 

(RKKYRKYVRSR145) could be important for PtdIns4P binding in the dispersed trans-

Golgi network allowing then a conformational change of the receptor. In fact, additional 

deletion of this second polybasic region in NLRP3 (D92-148) completely prevents NLRP3 

activation and probably recruitment to the dispersed trans-Golgi network, as this second 

polybasic sequence was also important for mouse NLRP3 binding to PtdIns4P (4). After 

NLRP3 binding to the dispersed trans-Golgi network, the receptor is trafficked to the 

centrosome for full inflammasome activation, where it probably facilitates its interaction 

with the centrosome-localized kinase NEK7 and the adaptor protein ASC (39). 

Consistent with our study, the interaction of NEK7 with NLRP3 occurs after K+ efflux (3). 

A incomplete NLRP3 structure bound to NEK7 has been solved (28), this NLRP3 

structure is partially closed and is considered a semi-inactive NLRP3. We found that the 

NLRP3 nucleotide binding site in this NLRP3/NEK7 structure is locked, impeding the 

exchange of ADP for ATP, which is also required for NLRP3 activation (30). Therefore 

the opening of the NLRP3 inactive structure induced by K+ efflux could facilitate the 

entrance of ATP to the nucleotide binding pocket and NLRP3 activation. In fact, during 

cell swelling, the decrease of intracellular K+ is responsible for a conformational change 

in the inactive NLRP3 molecules existing in pre-assembled inactive complexes (24). Our 

present study indicates, using an intra-molecular BRET sensors, that the NLRP3 

conformational change during activation is dependent on the presence of the FISNA 

domain that includes a second polybasic sequence (RKKYRKYVRSR145) possibly 

important for human NLRP3 binding to PtdIns4P and activation. Further, the linker 

sequence between the PYD and FISNA (92-132) may assist on the correct placement of 
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the NLRP3PYD domain to form a seed for ASCPYD nucleation, thus supporting active 

oligomer formation. Therefore, the NLRP3 N-terminal sequence is important for NLRP3 

inflammasome activation in response to K+ efflux. 

Imiquimod and derivatives are activators of the NLRP3 inflammasome (40), but their 

mechanism of activation is independent of K+ efflux (37) and dependent on the binding 

of NLRP3 to PtdIns4P in the dispersed trans-Golgi network (4). Our study demonstrates 

that imiquimod is also able to induce a decrease of NLRP3 BRET signal, suggesting a 

similar conformational change on NLRP3 than when nigericin is applicated and probably 

favouring the activation of the inflammasome. We found that the presence of the linker 

sequence (92-132), between the PYD and FISNA domain, is important for NLRP3 

activation by imiquimod, indicating that both K+-dependent and -independent activation 

of NLRP3 would share a similar conformational change involving a specific N-terminal 

domain on the receptor, since both types of triggers induce a reduction in the NLRP3 

BRET signal. In fact, we also previously reported a decrease of the NLRP3 BRET signal 

in active NLRP3 mutants associated to autoinflammatory syndromes (22). 

The NLRP6 inflammasome is triggered by some Gram-positive bacteria cell wall 

polymers such as lipoteichoic acid (33), however it cannot be activated by classical 

NLRP3 triggers that induce K+ efflux (34). Therefore, NLRP3 is unique among other 

inflammasome sensors since it is the only one able to respond to specific damage- and 

homeostasis-associated molecular patterns. By introducing the N-terminal fragment of 

NLRP3 in NLRP6, we generated a chimeric receptor that is activated in response to 

nigericin, MSU crystals and imiquimod. Therefore, the N-terminal sequence of NLRP3 is 

key for its activation in response to specific triggers, except for the PYD domain that is 

not necessary for NLRP3 activation and oligomerization, but is crucial to create functional 

NLRP3 inflammasome by allowing the recruitment of ASC (13). The NLRP3 inhibitor 

MCC950 specifically binds to the NACHT domain of NLRP3 and affects the active 

structure of NLRP3 (22, 32), and here we found that MCC950 is not blocking the chimeric 
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NLRP3/NLRP6 receptor, further supporting the specificity of MCC950 over NLRP3 

NACHT domain.  

Altogether, these results reveal that the NLRP3 sequence between the PYD and NACHT 

is important to confer responsiveness of NLRP3 to specific triggers. Therefore, the 

unique ability of NLRP3 to activate in response to signals that decrease intracellular K+ 

resides in the presence of a linker sequence encoded by a specific NLRP3 exon 3 and 

the FISNA domain, which are necessary to facilitate a structural change of the closed 

inactive NLRP3 protein. Then, the linker sequence is also important to activate NLRP3 

in response to K+-independent triggers, and facilitates an optimal orientation of the 

NLRP3PYD domain within the active NLRP3 oligomer to form a helical seed to interact 

with ASCPYD and form a fully active inflammasome.   
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MATERIALS & METHODS 

Plasmid construction. The different constructs of human NLRP3 and NLRP6 were 

generated by overlapping PCR (Uniprot #Q96P20 and #P59044 annotations for human 

NLRP3 and NLRP6 respectively) and cloned into pcDNA3.1/V5-His TOPO (Life 

Technologies). Sequencing of all constructs was performed to confirm correct 

modification and the absence of unwanted mutations. All constructs were designed to 

contain YFP at the N-terminus for microscopy assays or double tagged with YFP at the 

N-terminus and Renilla Luciferase (Luc) at the C-terminus to generate the various BRET 

sensors. NLRP3 containing Renilla Luciferase (Luc) at the C-terminus were also 

constructed in pcDNA3.1/V5-His TOPO, sequenced to confirm correct alignment 

between the tag and the NLRP3 sequence, and were used as controls in all BRET 

assays. 

 

Cells and transfections. HEK293T cells (CRL-11268; American Type Culture 

Collection) were maintained in DMEM/F12 (1:1) (Lonza) supplemented with 10% fetal 

calf serum (FCS) (Life Technologies), 2 mM Glutamax (Life Technologies) and 1% 

penicillin-streptomycin (Life Technologies). HEK293T cells stably expressing the rat 

P2X7 receptor have previously been described (41) and were cultured in F-12 media 

(Lonza) supplemented with 10% FCS. Lipofectamine 2000 was used for the transfection 

of HEK293T cells according to the manufacturer’s instructions. After two days of 

transfection, stable selection of HEK293T clones expressing the different NLRP3 

constructs was initiated by supplementing cell culture media with G418 (2 mg/ml, Acros 

Organic). After 4 weeks of culture in G418, cell cloning was performed by serial dilution 

in 96 well plates in the presence of G418 for a further 4-8 weeks. Positive clones were 

expanded and tested for correct expression by Western blot and fluorescence 

microscopy. HEK293T cells stably expressing NLRP3 constructs were maintained in 
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DMEM/F12 (1:1) supplemented with 10% FCS, 2 mM Glutamax, and 1% penicillin–

streptomycin. All cells were routinely tested for Mycoplasma contamination with a 

Mycoplasma Detection Kit (Roche). 

 

Differentiation and stimulation of bone marrow derived macrophages. Bone 

marrow derived macrophages (BMDMs) were obtained from wild-type mice by 

differentiating bone marrow cells for 7 days in DMEM (Lonza) supplemented with 25% 

of L929 medium, 15% FCS, 100 U/ml penicillin/streptomycin, and 2 mM Glutamax as 

described elsewhere (42). Cells were primed for 4 h with E. coli LPS O55:B5 (1 µg/ml, 

Invivogen), then washed in E-total buffer (147 mM NaCl, 10 mM HEPES, 13 mM glucose, 

2 mM CaCl2, 1 mM MgCl2, and 2 mM KCl, pH 7.4) and treated for 30 min with nigericin 

(10 µM, Sigma), for 2 h with valinomycin (50 µM, Sigma) or for 2 h with BB15C5 (50 µM, 

Sigma). In some experiments, stimulations were performed in an E-total buffer with 

increased concentration of KCl or changing KCl for RbCl, LiCl or CsCl (as denoted in the 

figure legends), in that case the increase in the concentration of KCl, RbCl, LiCl or CsCl 

was accompanied with a reduction of the NaCl concentration to maintain isotonic 

conditions. 

 

Retroviral production, immortalized macrophage generation and stimulation. For 

doxycycline-inducible expression of NLRPs constructs in immortalized mouse 

macrophages we used Tet-ON retroviral system (#631188, Clontech). The different 

NLRPs constructs (deletions or chimeras) were subcloned into pRETROX Tre3G 

plasmid (Clontech) using BamHI/EcoRI and transfected using Lipofectamine 2000 into 

the packaging cell line Gryphon Ampho cell line (Alelle Biotechnology, ABP-RVC-

10001). Nlrp3−/− immortalized mouse macrophages stably expressing the Tet-On 3G 

transactivator (31) were transduced with different NLRPs constructs or empty vector 
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encoding retroviruses for two days. Then positive macrophages were selected with 

puromycin (6 µg/mL) and G418 (1.5 mg/ml). For experiments, immortalized mouse 

macrophages were treated for 16 h with doxycycline (1 µg/ml, Sigma) and ultrapure LPS 

0111:B4 (100 ng/ml, Invivogen) and then stimulated for 1 h with nigericin (10 µM, Sigma), 

or C. difficile toxin B (TcdB, 1 µg/ml, BML-G150-0050, Enzo), or 6 h with imiquimod (100 

µM, tlrl-imqs, Invivogen), or for 16 h with MSU crystals (300 µg/ml, ALX-400-047-M002, 

Enzo) or with transfected lipoteichoic acid (15 µg/ml, tlrl-pslta, Invivogen). The specific 

NLRP3 inhibitor MCC950 (10 µM, CP-456773, Sigma) or the caspase-1 inhibitor IV Ac-

YVAD-AOM (100 µM, 400015, Calbiochem) were added 30 minutes before and during 

the different stimulations. 

 

In vivo MSU model. All experimental protocols for animal handling were refined and 

approved by the Ethical Committee for Animal Research of the University of Murcia 

(reference 542/2019). C57BL/6J mice (WT, wild-type) were obtained from Charles River 

and inbreed at the specific pathogen-free animal house of the IMIB-Arrixaca up to F3 

generation before getting new founders and NLRP3-deficient (Nlrp3−/−) in C57BL/6J 

background were already described (38). Mice were bred in specific pathogen-free 

conditions with a 12:12 h light-dark cycle and used in accordance with the Spanish 

national (RD 1201/2005 and Law 32/2007) and EU (86/609/EEC and 2010/63/EU) 

legislation. Nlrp3−/− immortalized mouse macrophages expressing different NLRs or 

chimeric NLRs were treated in vitro for 16 h with doxycycline (1 µg/ml). Besides, mice 

were given doxycycline (2 mg/ml) and sucrose (5%, Sigma) in the drinking water one 

day before experimental initiation. Mice between 8-10 weeks of age receive an 

intraperitoneal (i.p.) injection of 2x106 immortalized macrophages and in some 

experiments the macrophages were stained for 15 min with carboxyfluorescein 

succinimidyl ester (CFSE, 10 µM, Thermo Fisher) before injection. After 3 h of 
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macrophages homing in the recipients, the animals received an i.p. injection of MSU 

crystals (40 mg/kg, ALX-400-047-M002, Enzo). After 16 h, animals were euthanized with 

CO2 inhalation and peritoneal lavages were collected after exposing the abdominal wall 

by opening the skin and 4 ml of sterile saline solution were injected into the peritoneal 

cavity via a 25 gauge needle. The abdomen was gently massaged for 1 min and the 

peritoneal fluid was recovered through the needle and centrifuged at 433 g for 10 min. 

The cellular pellet was immediately used for flow cytometry and the supernatant were 

stored at -80 ºC until further ELISA analysis. 

 

Flow cytometry. 5x105 cells from mice peritoneal lavage were incubated with anti-

CD16/32 (clone 93, 14-0161-85, eBioscience, 1:200) and then stained with anti-F4/80-

Alexa Fluor 488 (clone BM8, 123119, Biolegend, 1:200), anti-CD11b-APC (clone M1/70, 

101211, Biolegend, 1:200) and anti-Ly6G-PE (clone 1A8, 127607, Biolegend, 1:200). 

Granulocytes were identified as CD11b+F4/80−Ly6G+ (Figure S10A). In some 

experiments, the presence of injected immortalized macrophages were monitored by 

F4/80+CSFE+ cells (Figure S10B), for that the anti-F4/80-APC antibody was used (clone 

BM8, 123115, Biolegend, 1:200). Samples were analyzed in a FACS Canto (BD 

Biosciences) by gating for singlets based on forward and side scatter parameters (Figure 

S10A,B). The data were analyzed by FCS Express 5 software (DeNovo Software). 

 

ELISA and multiplex assay. Cell-free peritoneal lavage and macrophage supernatants 

were tested by ELISA for mouse IL-1b or IL-6 following manufacturer’s instructions (R&D 

Systems and eBioscience respectively) and read in a Synergy Mx (BioTek) plate reader. 

Multiplexing for CXCL1, CXCL10, IL-18, IL-6, and CCL2 from peritoneal lavages was 

performed using the ProcartaPlex Multiplex Immunoassay (Invitrogen) following the 

manufacturer’s indications, and analyzed in a Bio-Plex analyzer (Bio-Rad). 
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Western blot. Cells were lysed for 30 min on ice in cold lysis buffer (50 mM Tris-HCl pH 

8.0, 150 mM NaCl, 2% Triton X-100, supplemented with 100 µl/ml of protease inhibitor 

mixture from Sigma) and then were centrifuged at 16,000 g for 15 min at 4 °C. Proteins 

in cell culture supernatants were concentrated using a 10 kDa cut-off column (Microcon, 

Merk-Millipore) by centrifugation at 11,200 g for 30 min at 4 °C. Cells lysates and 

concentrated supernatants were resolved in 4–12% precast Criterion polyacrylamide 

gels (Bio-Rad) and transferred to nitrocellulose membranes (Bio-Rad) by electroblotting. 

Membranes were probed with anti-GSDMD rabbit monoclonal (EPR19828, ab209845, 

Abcam, 1:5000), anti-IL-1β rabbit polyclonal (H-153; sc-7884, 1:1000), anti-caspase-1 

rabbit polyclonal (sc-514, Santa Cruz, 1:1000), horseradish peroxidase-anti-b-actin (C4; 

sc-47778HRP, Santa Cruz, 1:10000) and anti-GFP rabbit polyclonal (ab6556, Abcam, 

1:2500). HRP-conjugated secondary antibodies were from GE Healthcare. Full 

uncropped Western blots are presented in Supplementary Figure S11. 

 

Quantitative reverse transcriptase–polymerase chain reaction (RT-PCR) analysis. 

Total RNA purification was performed using the RNAesy kit (Qiagen) according to 

manufacturer’s recommendations and quantified on a nanodrop 2000 (Thermo Fisher). 

Detailed methods used for qRT-PCR have been described previously (42). Briefly, 

Reverse transcription was realized using iScriptTM cDNA Synthesis kit (BioRad). qPCR 

was performed in an iQTM 5 Real Time PCR detection System (BioRad) with a SYBR 

Green mix (Takara) and primers used were obtained from Sigma-Aldrich (KiCqStart® 

Primers) The presented relative gene expression levels were calculated using the 2-ΔCt 

method normalizing to Hprt1 expression as endogenous control.  
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BRET. HEK293T cells expressing the different NLRP3 BRET sensors (wild-type, 

mutations and deletions) were plated on a poly-L-lysine–coated white opaque 96-well 

plate; after adhesion, cells were incubated with different treatments in E-total (with 

different ionic composition, as stated in the figure legends) or vehicle and BRET readings 

were performed 5 min after the addition of 5 μM coelenterazine-H substrate. BRET 

signals were detected with two filter settings (Renilla-luciferase (Luc) filter [485 ± 20 nm] 

and YFP filter [530 ± 25 nm]) at 37 ºC using the Synergy Mx plate reader (BioTek) as 

described before (25). In some experiments, BRET signal was recorded every 35 

seconds before and after nigericin, valinomycin, BB15C5 or ATP (this one over HEK293T 

cells expressing P2X7 receptor) automatic injection for a total of 15 min. For experiments 

measuring basal BRET signal, a stable signal for 5 min kinetic was recorded and 

averaged. For some experiments, nigericin or imiquimod was added to the plate and 

place in the incubator for 60 min or 6 h respectively, then coelenterazine-H was added 

and after 5 min of signal stabilization, BRET was recorded for 20 min. Titration was 

performed by transfection of different amounts of the plasmids used in this study (pcDNA 

empty plasmid was used to have equal amounts of total DNA in all the transfections). 

Expression of the different sensors was monitored by reading YFP fluorescence in the 

plate reader or by assessing individual cell relative fluorescence by fluorescence 

microscopy. Titration of the sensor will determine if the recorded BRET is intra- or inter-

molecular, since intra-molecular energy transfer results in a stable BRET signal as the 

BRET sensor concentration increase and inter-molecular BRET will result in a 

proportional increases of the BRET signal as the sensor concentration increases (25). 

The BRET ratio was defined as the difference of the emission ratio 530 nm/485 nm of 

the BRET sensor minus this ratio of the Luc only tagged NLRP3. Results were expressed 

in milliBRET units (mBU). 
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Fluorescence microcopy. Following procedures previously described in (22), we 

seeded 5x104 HEK293T cells or Nlrp3−/− immortalized macrophages expressing the 

different NLRPs constructs tagged with YFP at N-terminus in poly-L-lysine coated 

coverslips (Corning). Cells were treated and stimulated as indicated in the figure legends, 

washed twice with PBS and fixed for 15 min at room temperature with 4% 

paraformaldehyde, and then were washed three times with PBS. For ASC 

immunofluorescence procedures have been previously described in (22), in particular 

cells were blocked with 2% bovine serum albumin and permeabilized with 0.2% Triton 

X-100 (Sigma) for 20 min at room temperature. Then cells were stained for 1.5 h at room 

temperature with the primary monoclonal mouse antibody anti-ASC (HASC-71, 

Biolegend, 1:1000). Cells were washed and then incubated for 1 h at room temperature 

with anti-mouse IgG fluorescence-conjugated secondary antibody (Alexa 647 donkey 

anti-mouse IgG (H+L), Life Technologies, 1:200). Cells were washed and nuclei stained 

for 10 min with DAPI (1:10000, Sigma) and coverslips were mounted on slides with 

mounting medium (S3023, Dako). Images were acquired using the same equipment that 

in previous studies (22), and we used a Nikon Eclipse Ti microscope equipped with a 

20x S Plan Fluor objective (numerical aperture, 0.45) and a 60x Plan Apo Vc objective 

(numerical aperture, 1.40) and a digital Sight DS-QiMc camera (Nikon) with a Z optical 

with spacing of 0.4 µm and 387-nm/447-nm, 472-nm/520-nm, 543-nm/593-nm and 650-

nm/668-nm filter sets (Semrock) and the NIS-Elements AR software (Nikon). Images 

were analyzed with ImageJ (US National Institutes of Health). 

 

Measurement of intracellular K+. 12 well plates with 106 BMDMs/well were stimulated 

for 4 h with LPS (1 µg/ml) at 37 ºC, then washed twice with E-total buffer and stimulated 

for 30 min at 37 ºC with different concentrations of nigericin as indicated in the figures 

legends or for 2 h with valinomycin (50 µM) or BB15C5 (50 µM). Then cells were briefly 

and quickly washed with nuclease-free water to avoid an osmotic shock and immediately 
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after cells were scraped in 200 µl/well of nuclease-free water followed by 3 freeze-thaw 

cycles. Lysates were centrifuged at 16000 g for 10 min at 4 ºC and the supernatants 

were stored at -80 ºC until K+ concentration was quantified by indirect potentiometry 

using a Cobas 6000 with ISE module (Roche).  

 

Bioinformatic analysis and modeling. NLRP3 sequence annotation and numbering 

was used from UNIPROT database (Q96P20). Multiple protein sequence alignment was 

performed using Clustal omega (43). FISNA domain signature was obtained by SMART 

database (44) and secondary FISNA domain prediction by Jpred 4 (45). The structure of 

human NLRP3 in complex with NEK7 and ADP as ligand in the NACHT domain, is taken 

from the PDB (46) structure with code 6NPY (28). Several loop regions are missing in 

this structure, as well as the PYD domain, the linker and most of the FISNA domain. We 

used the structure of NAIP2/NLRC4 inflammasome complex (3JBL) to infer the 

relocation of NACHT and LRR domains in the active oligomeric conformation of NLRP3. 

Then we used the superposition between the monomers of NLRP3 and NLRC4 to 

identify the fragments of NLRP3 that move when opening the conformation of NLRP3. 

The hinge is found in the loop region 417-441 (inside HD1 motif) between a-helices 9 

and 10 of the NACHT domain (Figure S2A). We split the closed structure of NLRP3 

around the hinge and superposed with MatchMaker (47) the two separated fragments, 

including the interaction with NEK7 and ADP as ligand (Figure S12A). We constructed 

the scaffold of the open conformation of NLRP3 by merging the two separated and 

superposed fragments. We then used the scaffold of NLRP3 in open conformation as 

template to model the sequence of NLRP3 starting at position 135 (i.e. except for the N-

tail fragment, composed by the linker and the PYD domain). We used SABLE (48) to 

predict the secondary structure of the missing loops in the structure of NLRP3 and NEK7. 

Helices are predicted at NLRP3 positions 113-128 (in the linker between FISNA and PYD 

domains), 182-190 (in the FISNA domain) and 180-193 in the structure of NEK7. A strand 
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is formed in NLRP3 between residues 174-179 of the FISNA domain, forming a sheet 

with strand 364-369 with main-chain hydrogen-bonding interactions in anti-parallel, 

stabilized by an a-helix (Figure S12B). The rest of loops, in particular fragments 581-

618 and 655-684 of NLRP3 and 180-193 of NEK7 were modelled with ModLoop (49) 

restricting the predicted helices (Figure S12B). We then used the structures of 

NAIP2/NLRC4 complex (3JBL) and the ASCPYD assembly (3J63) to construct a model of 

the NLRP3 complex of inflammasome that includes the oligomerization of ASCPYD. First, 

eleven models of monomeric NLRP3 in open conformation, interacting with NEK7 and 

ADP, without the PYD domain and the linker fragment that joints PYD and FISNA 

domains, were superposed with each monomer of NAIP2/NLRC4 in the structure 3JBL. 

The monomers of NLRP3 and NEK7 are merged into a single PDB file, forming a 

complex of 22 monomers. Second, we manually placed the complex of ASCPYD assembly 

near the N-tail of the monomeric models of NRLP3, forming a starting fiber of ASCPYD 

and preserving the symmetry of the complex (Figure S13A). Third, we used the PYD 

domain of NLRP3 from 3QF2. Then, taking into account that the complex of ASCPYD is 

formed by layers of 6 monomers, we built the model of the full sequence of NLRP3 

(Figure S13A) with MODELLER (50) upon an artificial template construction where the 

closest 11 monomers of ASCPYD to NLRP3NACHT were substituted by the PYD domain of 

NLRP3 as follows: 1) for each pair of close monomers of NRLP3 we associated an 

ASCPYD chain of the closest layer and another from the next layer (Figure S13B); 2) we 

selected the initial 11 chains of ASCPYD and superpose 11 models of the PYD domain of 

NLRP3 in each chain; 3) we merged in the same chain one PYD domain with the rest of 

the structure of NRLP3 (C-tail fragment composed by domains FISNA, NACHT and LRR) 

associated with it. Finally, we used another structure of 3J63 to superpose 13 additional 

chains of ASC. We used MODELLER to model the whole complex, formed by 13 ASCPYD 

chains, 11 full chains of NLRP3 and 11 chains of a partial structure of NEK7 (only the 

domain with structure in 6NPY). We forced the symmetry between the chains of NEK7 

and the chain-fragments composed by FISNA-NACHT-LRR domains of NLRP3. The 
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structure of the linker was modelled as a loop, but forcing an a-helix in position 113-128 

(Figure S13C). The different symmetry between NLRP3/NEK7 (with a C11 rotation axis) 

and the fiber of ASCPYD (with a C6 rotation axis) leaved the starting position of a chain of 

ASCPYD as a seed to continue forming the ASCPYD fiber (Figure S13D). 

 

Statistical analysis. Statistical analyses were performed using GraphPad Prism 7 

(Graph-Pad Software, Inc). Outliers were identified using the ROUT method and 

removed from statistics. For two-group comparisons, Mann-Whitney test was used; when 

compared three or more groups, Kruskal-Wallis test was used. All data are shown as 

mean values and error bars represent standard error from the number of independent 

assays indicated in the figure legend and plotted in histograms as dots. p value is 

indicated as *p <0.05; **p <0.01; ***p<0.001; p >0.05 not significant (ns). 
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FIGURE LEGENDS 

Figure 1. K+ efflux induces cells with multiple NLRP3 puncta. 

(A) IL-1b release and intracellular K+ concentration from LPS-primed bone marrow 

derived macrophages (BMDM) activated for 30 min with different doses of nigericin. n= 

4-6 independent experiments for each concentration of nigericin. 

(B) IL-1b release from LPS-primed BMDMs activated for 30 min with nigericin (10 µM) 

in the presence of increasing concentrations of KCl. 

(C) IL-1b release from LPS-primed BMDMs activated for 30 min with nigericin (10 µM, 

top) or with C. difficile toxin B (TcdB, 1 µg/ml, bottom) in the absence/presence of 40 mM 

KCl, RbCl, CsCl or LiCl. n= 4 independent experiments; Kruskal-Wallis test. 

(D) Representative fluorescent micrographs of HEK293T cells expressing YFP-NLRP3 

(green) and stained for nuclei (DAPI, blue) treated for 30 min with nigericin (10 µM) in 

the absence/presence of 140 mM KCl. Scale bar 10 µm. 

(E) Representative fluorescent micrographs of HEK293T cells (left) and Nlrp3−/− 

immortalized macrophages (iMos, right) expressing YFP-NLRP3 (green), ASC (stained 

in red) and stained for nuclei (DAPI, blue), treated for 30 and 60 min with nigericin (10 

µM) respectively. Scale bar 20 µm (left) and 10 µm (right). Arrows denote ASC-specks; 

HEK293T cells were stably expressing YFP-NLRP3 and transfected for ASC. 

 

Figure 2. K+ efflux modifies the NLRP3 structure. 

(A) Average BRET signal for YFP-NLRP3-Luc expressed in HEK293T cells before and 

after stimulation with nigericin (10 µM, denoted by a grey box), in the absence (left, 

middle) or presence (right) of 140 mM KCl; please note kinetics of BRET have been 

plotted with the same scale, but relatively at the same level to ease comparison. n=51, 

4 and 6 for nigericin 15 min, 85 min and nigericin+KCl respectively; Mann-Whitney test. 
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(B) NLRP3 BRET signal variation after treatment for 15 min with nigericin (10 µM) vs 

basal conditions without nigericin in the presence of increasing concentrations of KCl. 

n= 3-5 independent cell culture wells for each KCl concentration. 

(C) Average BRET signal for YFP-NLRP3-Luc expressed in HEK293T cells before and 

after stimulation with nigericin (10 µM) in the absence/presence of 40 mM RbCl or 40 

mM LiCl; please note kinetics of BRET have been plotted with the same scale, but 

relatively at the same initial level to ease comparison. n= 12 independent cultures from 

4 independent experiments; Mann-Whitney test. 

(D) Average BRET signal for YFP-NLRP3-Luc expressed in HEK293T cells (top and 

middle) or HEK293T-P2X7 receptor (bottom), before and after stimulation with 

valinomycin (50 µM), BB15C5 (50 µM) or ATP (3 mM), in the absence/presence of 140 

mM KCl; please note kinetics of BRET have been plotted with the same scale, but 

relatively at the same initial level to ease comparison. n= 6-18 independent cell cultures; 

Mann-Whitney test. 

 

Figure 3. The PYD domain is dispensable for NLRP3 activation in response to K+-

efflux. 

(A) Representative fluorescent micrographs of HEK293T cells expressing YFP-DPYD-

NLRP3 (green) and stained for nuclei (DAPI, blue) treated for 30 min with nigericin (10 

µM) in the absence/presence of 140 mM KCl. Scale bar 10 µm. 

(B) Average BRET signal for YFP-DPYD-NLRP3-Luc expressed in HEK293T cells before 

and after stimulation with nigericin (10 µM), in the absence/presence of 140 mM KCl. 

n=5-17 independent cell cultures, from 3-5 independent experiments; please note 

kinetics of BRET have been plotted with the same scale, but relatively at the same initial 

level to ease comparison; Mann-Whitney test. 
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(C) IL-1b release from Nlrp3−/− immortalized macrophages (iMos) treated for 16h with 

doxycycline (1 µg/ml) and LPS (100 ng/ml) to induce the expression of YFP-DPYD-

NLRP3 and then activated for 60 min with nigericin (10 µM). n= 3 independent 

experiments. 

(D) Representative fluorescent micrographs of HEK293T cells expressing YFP-DPYD-

NLRP3 or full-length NLRP3 as indicated (green) and ASC (red), stained for nuclei 

(DAPI, blue) treated for 30 min with nigericin (10 µM). Scale bar 20 µm. 

 

Figure 4. Model of ASCPYD-NLRP3-NEK7 oligomer. 

(A) The structure on the left corresponds to a ribbon plot showing an oligomer complex 

of 11 NLRP3 monomers, 11 NEK7 and 11 ASCPYD chains. The representation in the right 

shows the superposition of 11 NLRP3 monomers of the oligomer complex of the 

modelled inflammasome structure. PYD domains are placed at different distances of the 

NACHT domain depending on the conformation of the linker (shown in dark red in the 

right representation). 

(B) Oligomer complex of 11 NLRP3 monomers, 11 NEK7 and 11 ASCPYD chains. Linker 

fragment between PYD domains and FISNA domains of each NLRP3 are shown in dark 

red. FISNA domains of NLRP3 are shown in grey-blue highlighting the continuous 

connectivity through FISNA-FISNA and FISNA-NACHT interfaces. This model presents 

a compatible structure to promote ASCPYD filament formation.  

 

Figure 5. The sequence between PYD and NATCH domains is important for NLRP3 

activation in response to K+-efflux. 
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(A) IL-1b release from Nlrp3−/− immortalized macrophages (iMos) treated for 16 h with 

doxycycline (1 µg/ml) and LPS (100 ng/ml) to induce the expression of different 

truncations of NLRP3 as indicated and then activated for 60 min with nigericin (10 µM) 

in the absence/presence of 40 mM KCl. n= 2-5 independent experiments; Mann-Whitney 

test. 

(B) Western blot for IL-1b, caspase-1, GSDMD, NLRP3 and b-actin, from cell lysates 

and supernatants of Nlrp3−/− iMos expressing YFP-D92-120-NLRP3 treated as in (A) in 

the absence/presence of MCC950 (10 µM); Representative of n= 2 independent 

experiments. 

(C) Percentage of ASC specking Nlrp3−/− iMos expressing different truncations of NLRP3 

treated as in (A). n= 3-27 independent experiments; Mann-Whitney test. 

(D) Representative fluorescent micrographs of Nlrp3−/− iMos (top) and HEK293T cells 

(bottom) expressing different truncations of YFP-NLRP3 as indicated (green) and iMos 

stained for ASC (red, arrowheads denotes ASC specks quantified in panel C) and nuclei 

(DAPI, blue), treated for 60 and 30 min with nigericin (10 µM) respectively. Scale bar 10 

µm. Quantification of HEK293T cells with NLRP3 punctuate staining is shown on the 

right of micrographs. n= 3-10 independent experiments. 

(E,F) Average BRET signal for YFP-D92-120-NLRP3-Luc, YFP-D92-132-NLRP3-Luc, 

YFP-D92-148-NLRP3-Luc (E), or YFP-D149-180-NLRP3-Luc, YFP-D181-217-NLRP3-

Luc (F) expressed in HEK293T cells before and after stimulation with nigericin (10 µM, 

indicated by an arrow), in the absence/presence of 140 mM KCl or MCC950 (10 µM); 

please note kinetics of BRET have been plotted with the same scale, but relatively at the 

same initial level to ease comparison. n= 2-19 independent cell cultures; Mann-Whitney 

test. 
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Figure 6. NLRP3 PYD-linker-FISNA sequence renders NLRP6 sensitive to K+-efflux. 

(A) IL-1b release from Nlrp3−/− immortalized macrophages (iMos) treated for 16 h with 

doxycycline (1 µg/ml) and LPS (100 ng/ml) to induce the expression of YFP-NLRP6, 

YFP-NLRP3 or YFP-chimeric NLRP3/6 as indicated and then activated for 60 min with 

nigericin (10 µM) in the absence/presence of 40 mM KCl; n= 4 independent experiments; 

Mann-Whitney test. 

(B) Western blot for IL-1b, caspase-1, NLRP3/6 and b-actin, from cell lysates and 

supernatants of Nlrp3−/− iMos expressing YFP-NLRP3, YFP-NLRP3(1-217)-NLRP6(196-

892), or YFP-NLRP6 treated as in (A); Representative of n= 3 independent experiments. 

(C) IL-1b release (ELISA left, Western blot right) from Nlrp3−/− iMos expressing the 

chimera YFP-NLRP3(1-217)-NLRP6(196-892) treated as in (A) in the absence/presence 

of MCC950 (10 µM) or Ac-YVAD-AOM (YVAD, 100 µM). For the ELISA n= 4-6 

independent experiments; Mann-Whitney test. 

(D) Percentage of ASC specking in Nlrp3−/− iMos expressing the chimera YFP-NLRP3(1-

217)-NLRP6(196-892) treated as in (A). n= 7-8 independent experiments; Mann-Whitney 

test. 

(E) Percentage of ASC specking in HEK293T cells expressing ASC and the chimera 

YFP-NLRP3(1-217)-NLRP6(196-892) treated for 30 min with nigericin (10 µM) in the 

absence/presence of 140 mM KCl. n= 5-15 independent experiments; Kruskal-Wallis 

test. 

(F) Representative fluorescent micrographs of HEK293T cells expressing the chimera 

YFP-NLRP3(1-217)-NLRP6(196-892) (green) and stained for nuclei (DAPI, blue), 

treated as in (E). Scale bar 10 µm. Right: quantification of YFP-NLRP3(1-217)-

NLRP6(196-892) cells with a punctuate staining. n= 4 independent experiments; Mann-

Whitney test. 



 46 

 

Figure 7. NLRP6 with the PYD-linker-FISNA NLRP3 sequence is activated by MSU 

crystals and imiquimod. 

(A) IL-1b release from Nlrp3−/− immortalized macrophages (iMos) expressing different 

truncations of NLRP3 as indicated treated for 16 h with doxycycline (1 µg/ml), LPS (100 

ng/ml) and MSU crystals (300 µg/ml) in the absence/presence of 40 mM KCl. n= 3-4 

independent experiments; Mann-Whitney test. 

(B) IL-1b release from Nlrp3−/− iMos treated as in (A) but expressing different chimeric 

NLRP6/3 receptors as indicated. n= 3-4 independent experiments; Mann-Whitney test. 

(C) IL-1b release from Nlrp3−/− iMos expressing different truncations of NLRP3 as 

indicated treated for 16 h with doxycycline (1 µg/ml) and LPS (100 ng/ml) to induce the 

expression of different NLRP3 truncations as indicated and then activated for 1 h with 

imiquimod (100 µM) in the absence/presence of 40 mM KCl. n= 3-4 independent 

experiments; Mann-Whitney test. 

(D) IL-1b release from Nlrp3−/− iMos treated as in (C) but expressing different chimeric 

NLRP6/3 receptors as indicated. n= 3-4 independent experiments; Mann-Whitney test. 

(E) Quantification of HEK293T cells expressing YFP-NLRP3 treated for different times 

with imiquimod (100 µM, for 0.5, 2, 4 or 6 h) or nigericin (10 µM, 30 min) in the 

absence/presence of 40 mM KCl. n= 3-4 independent experiments; Mann-Whitney test. 

(F) Average BRET signal for YFP-NLRP3-Luc expressed in HEK293T cells before and 

after stimulation with imiquimod (100 µM, 6 h), in the absence or presence of 40 mM 

KCl. n= 6-9 independent measurements; Kruskal-Wallis test. 
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Figure 8. NLRP6 with the NLRP3 PYD-linker-FISNA sequence induces an 

inflammatory response to MSU crystals. 

(A) Protocol followed in the experimental in vivo assay (top). IL-1β and IL-18 in the 

peritoneal lavage of Nlrp3−/− after an i.p. injection with Nlrp3−/− iMos expressing YFP-

NLRP6, the chimera YFP-NLRP3(1-217)-NLRP6(196-892) or YFP-NLRP3 and then 

challenged with an i.p. injection of MSU crystals for 16 h (bottom). n= 7-11 mice, each 

one represented by a dot; Mann-Whitney test. 

(B) CXCL1, CXCL10 and CCL2 chemokines in the peritoneal lavage of Nlrp3−/− mice 

treated as in (A). n= 8-11 mice, each one represented by a dot; Mann-Whitney test. 

(C) Quantification of CD11b+, Ly6G+ and F4/80− cells in the peritoneal lavage of Nlrp3−/− 

mice treated as in (A). n= 5-11 mice, each one represented by a dot; Mann-Whitney test. 
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Figure S1. Intracellular K+-efflux activates NLRP3. 

Intracellular K+ concentration ([iK+], left) and IL-1b release (right) from LPS-primed bone 
marrow derived macrophages (BMDM) activated for 2 h with different K+ ionophores (50 
µM); n= 4-7 independent experiments for intracellular K+; n= 3 independent experiments 
for IL-1b. 
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Figure S2. A closed NLRP3 structure presents a shielded nucleotide binding 
pocket. 

(A) Model showing a semi-activated not fully opened (green) and open (magenta) 
NLRP3 structure (top). Clustal alignment of HD1 motif from human NLRP3 and NLRP6, 
denoting in cyan the hinge loop, in yellow the two helix motion, and with red annotation 
the residues E401 and K435 that present H-bond (bottom). 

(B) Modeled semi-activated not fully opened (green) and open (magenta) NLRP3 
structure showing the accessibility of the nucleotide binding pocket for both models. In 
the closed structure the nucleotide is locked in a hided nucleotide binding pocket.  

Supplementary Figure S2

B

A

Locked nucleotideHided nucleotide pocket

Accesible nucleotide

Semi-activated not fully opened NLRP3 structure (6NPY)

Predicted open NLRP3 structure (in base to 3JBL)

Semi-activated not
fully opened NLRP3
structure (6NPY)

NEK7

LRRs NACHT

Open NLRP3
structure (in base to 3JBL)

NLRP3 DHPRHVEILGFSEAKRKEYFFKYFSDEAQARAAFSLIQENEVLFTMCFIPLVCWIVCTGLKQQMESGKSLAQTSKTTTAVYVFFLSSLLQPRG
NLRP6 CSPQCAEVRGFSDKDKKKYFYKYFRDERRAERAYRFVKENETLFALCFVPFVCWIVCTVLRQQLELGRDLSRTSKTTTSVYLLFITSVLSSAP
      ..*:..*:.***:..:*:**:***.**.:*..*:..::***.**.:**:*.*******.*:**:*.*:.*::******:**:.*::*:*....



 3 

 

Figure S3. NLRP3 PYD domain is not necessary for NLRP3 oligomerization, but is 
required to form active NLRP3 oligomers. 

(A) BRET signal of increasing amounts of YFP-DPYD-NLRP3-Luc or YFP-NLRP3-Luc 
expressed in HEK293T cells plotted as a function of the amount of protein. Resulting 
BRET signal is due to intramolecular energy transfer. As expected for intramolecular 
energy transfer, BRET does not increase in cells expressing higher amounts of sensor. 
n= 2 independent experiments for each construction and expression level. 

(B) Western blot for GFP (detecting YFP-NLRP3 and YFP-DPYD-NLRP3) and b-actin 
from cell lysates of Nlrp3−/− immortalized macrophages (iMos) treated for 16 h with 
doxycycline (1 µg/ml) and LPS (100 ng/ml); representative of n= 2 independent 
experiments. 
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Figure S4. NLRP3 N-terminus sequence features. 

(A) Scheme representation of NLRP3 for the first four exons and the different domains 
of the NLRP3 protein. In blue are highlighted the two polybasic sequences. The grey 
bars at the bottom of the panel represent the different NLRP3 truncations used in this 
study. 
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(B) Clustal Omega multi-alignment of the N-terminal protein sequences for NLRP3 form 
different species. PYD domain is highlighted in orange, linker sequence is highlighted in 
brown, the FISNA domain is highlighted in dark green and the Walker A motif in the 
NACHT domain is highlighted in light green. 

(C) Clustal Omega multi-alignment of the protein sequences between PYD domain and 
the Walker A motif in the NACHT domain for the different human NLRPs. The NLRP3 
linker sequence is highlighted in brown, the FISNA domain is highlighted in dark green 
and the Walker A motif in the NACHT domain is highlighted in light green. 
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Figure S5. Model of ASCPYD-NLRP3-NEK7 oligomer. 

Detail of the electrostatic field surface of the oligomer showing the linker sequence. 
Negatively charged electrostatic field is shown in red and positively charged in blue (hue 
from red to blue shows the strength of the field). The surface is calculated as the solvent 
accessible surface of two interacting monomers of NLRP3 of the inflammasome 
complex. The empty space between the linkers of both monomers shows a putative 
location for a PtdIns4P molecule binding. Polybasic KMKK132 sequence is highlighted in 
yellow in the magnification. 
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Figure S6. NLRP3 linker and FISNA domain in inflammasome activation. 

(A) IL-1b release from Nlrp3−/− immortalized macrophages (iMos) treated for 16 h with 
doxycycline (1 µg/ml) and LPS (100 ng/ml) to induce the expression of different YFP-
NLRP3 truncations as indicated and then activated for 60 min with nigericin (10 µM). n= 
2 independent experiments. 

(B) IL-1b release from Nlrp3−/− iMos treated for 16h with doxycycline (1 µg/ml) and LPS 
(100 ng/ml) to induce the expression of different YFP-NLRP3 truncations as indicated 
and then activated for 60 min with the C. difficile toxin B (TcdB, 1 µg/ml) in the 
absence/presence of 40 mM KCl. n= 4 independent experiments; Kruskal-Wallis test. 
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(C) IL-6 release from Nlrp3−/− iMos treated for 16h with doxycycline (1 µg/ml) and LPS 
(100 ng/ml) to induce the expression of different YFP-NLRP3 truncations as indicated. 
n= 4 independent experiments; Kruskal-Wallis test. 

(D) YFP fluorescence of HEK293T cells expressing YFP-NLRP3-Luc, YFP-D92-120-
NLRP3-Luc, YFP-D92-132-NLRP3-Luc and YFP-D92-148-NLRP3-Luc. n= 4 
independent experiments. 

(E) BRET signal of increasing amounts of full length and different deletions of NLRP3 
(as indicated) tagged at N-terminal with YFP and at C-terminal with Luc expressed in 
HEK293T cells plotted as a function of the amount of protein. Resulting BRET signal for 
the different deletions is due to intramolecular energy transfer. As expected for 
intramolecular energy transfer, BRET does not proportionally increase in cells 
expressing higher amounts of sensor. n= 2 independent experiments for each 
construction and expression level. 

(F) IL-1b release from Nlrp3-/- iMos treated as in (A) expressing YFP-NLRP3 wild-type, 
AMAA132 or RMRR132 mutations and activated after priming for 60 min with nigericin (10 
µM) or TcdB (1 µg/ml) in the absence/presence of 40 mM KCl. n= 3-9 independent 
experiments. 

(G) Representative fluorescent micrographs of HEK293 cells expressing YFP-NLRP3 
wild-type, AMAA132 or RMRR132 mutations (green) and stained for nuclei (DAPI, blue) 
treated for 30 min with nigericin (10 µM) in the absence/presence of 140 mM KCl. Scale 
bar 10 µm. 

(H) Average BRET signal for YFP-NLRP3-Luc, YFP-AMAA132-NLRP3-Luc and YFP-
RMRR132-NLRP3-Luc expressed in HEK293T cells before and after stimulation with 
nigericin (10 µM, added when denoted by an arrow); please note kinetics of BRET have 
been plotted with the same scale, but relatively at the same initial level to ease 
comparison. n= 2-4 independent experiments; Mann-Whitney test. 
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Figure S7. Comparison of the N-terminal sequence of NLRP3 and NLRP6. 

(A) Scheme representation of NLRP6 for the first three exons and the different domains 
for NLRP6 protein. In blue is highlighted the conserved polybasic sequence with NLRP3. 

(B) Clustal alignment of human N-terminal sequences of NLRP6 and NLRP3. PYD 
domain is highlighted in orange, NLRP3 linker sequence is underlined in dark blue, the 
NLRP3 FISNA domain is highlighted in green, the polybasic sequences are indicated in 
light blue, and the Walker A motif in the NACHT domain is highlighted in red. Note the 
similarities of the NLRP3 FISNA sequence with NLRP6: underlined in red is annotated a 
predicted a-helix and underlined in brown is annotated a predicted b-sheet; sharing 
49.27% homologous amino acids with the signature of the FISNA domain 
(pbKpsL+p+applbEGssp.GppsbLNcIYT-LYIsEthss.lspEHEVbQIEpscp.ssp-ssIcsp-LFc), 
and conserving key amino acids possible interacting with the nucleotide (boxed in black). 

(C) Key amino acids of NLRP3 FISNA (RYT167) potentially involved in nucleotide binding. 
Ribbon plot of the nucleotide binding of NLRP3 in the closed conformation shown in 
6NPY structure. The Walker A motif of the NACHT domain is highlighted in cyan.  
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Figure S8. NLRP6 is not activated in response to K+ efflux. 

(A) Quantitative PCR for Nlrp3 and Nlrp6 expression from wild-type or Nlrp3−/− 
immortalized macrophages (iMos) treated for 16 h with or without LPS (100 ng/ml) as 
indicated; n= 2 independent experiments. 

(B) IL-1b release from Nlrp3−/− immortalized macrophages (iMos) treated for 16 h with 
doxycycline (1 µg/ml) and lipoteichoic acid (15 µg/ml) to induce the expression of YFP-
NLRP3 or YFP-NLRP6 as indicated, and activate NLRP6. As a positive control YFP-
NLRP3 expressing macrophages were treated for 16 h with doxycycline (1 µg/ml) and 
LPS (100 ng/ml) and then activated for 60 min with nigericin (10 µM); n= 4-10 
independent experiments; Kruskal-Wallis test. 

(C) IL-1b release from Nlrp3−/− iMos treated for 16 h with doxycycline (1 µg/ml) and LPS 
(100 ng/ml) to prime and induce the expression of YFP-NLRP6, YFP-NLRP3 or different 
YFP-NLRP3/6 chimeric receptors as indicated and then activated for 60 min with the C. 
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difficile toxin B (TcdB, 1 µg/ml) in the absence/presence of 40 mM KCl; n= 4 independent 
experiments; Kruskal-Wallis test. 

(D) IL-6 release from Nlrp3−/− iMos treated for 16 h with doxycycline (1 µg/ml) and LPS 
(100 ng/ml) to prime and induce the expression of different YFP-NLRP3/6 chimeric 
receptors as indicated; n= 4 independent experiments; Kruskal-Wallis test. 

(E) IL-1b release from Nlrp3-/- immortalized macrophages (iMos) treated for 16h with 
doxycycline (1 µg/ml) and LPS (100 ng/ml) to induce the expression of YFP-NLRP3 
AMAA132 or RMRR132 mutants as indicated and then activated for 16 h with MSU crystals 
(300 µg/ml) in the absence/presence of 40 mM KCl. n= 3-5 independent experiments. 

(F) IL-1b release from Nlrp3-/- iMos treated for 16h with doxycycline (1 µg/ml) and LPS 
(100 ng/ml) to induce the expression of YFP-NLRP3 AMAA132 or RMRR132 mutants as 
indicated and then activated for 60 min with imiquimod (100 µM) in the absence/presence 
of 40 mM KCl. n= 3-5 independent experiments. 
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Figure S9. Reconstitution of Nlrp3−/− mice with macrophages expressing NLRP6 
chimeric receptor harbouring the NLRP3 PYD-linker-FISNA. 
(A) IL-1β and  quantification of CD11b+, Ly6G+ and F4/80− cells in the peritoneal lavage 
of wild-type and Nlrp3−/− mice collected 16 h after i.p. injection of MSU crystals. n= 5-8 
mice, each one represented by a dot; Mann-Whitney test. 
(B) Percentage of immortalized macrophages (iMos) recovered from the peritoneal 
lavage of Nlrp3−/− mice after 4, 8, 12 and 24 h i.p. injection. iMos were stained with CFSE-
FITC before injection and then stained also for CD11b and F4/80. n= 3 mice, each one 
represented by a dot. 
(C) IL-1β release from Nlrp3−/− iMos expressing YFP-NLRP3 harvest from the 
peritoneum of mice after 8, 12 and 24 h after i.p. injection and then cultured in vitro for 4 
h with LPS (1 µg/ml) and then activated for 30 min nigericin (10 µM). n= 1-4 mice, each 
one represented by a dot; Mann-Whitney test. 
(D) IL-6 in the peritoneal lavage of Nlrp3−/− after an i.p. injection with Nlrp3−/− iMos 
expressing YFP-NLRP6, the chimera YFP-NLRP3(1-217)-NLRP6(196-892) or YFP-
NLRP3 and then challenged with an i.p. injection of MSU crystals for 16 h; n= 8-11 mice, 
each one represented by a dot; Mann-Whitney test. 
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Figure S10. Flow cytometry gating strategy. 
(A) Gating strategy of figure 8C. From total cells in FSC-H and FSC-A, cells were first 
gated for CD11b-APC and F4/80-FITC, then cells CD11b+ and F4/80− were gated for 
Ly6G-PE and CD11b-APC to select Ly6G+ and CD11b+ cells shown in the figure. 
(B) Gating strategy of supplementary figure S9B, showing recovered peritoneal cells 
from a representative mice i.p. injected with saline solution (left) or CFSE labelled 
immortalized macrophages (right) for 24 h. 
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Figure S11. Uncropped Western blots of main figures. 
(A) Uncropped Western blots of figure 5B. 
(B) Uncropped Western blots of figure 6B. 
(C) Uncropped Western blots of figure 6C. 
For A-C, photo credit: Diego Angosto-Bazarra, Instituto Murciano de Investigación 
Biosanitaria IMIB-Arrixaca, Hospital Clínico Universitario Virgen de la Arrixaca, 30120 
Murcia, Spain. 
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Figure S12. Model of NLRP3 monomer in open and closed conformation. 
(A) Model of NLRP3 in open and closed conformation. 
(B) Model of missing loops in the structure 6NPY that includes NLRP3 and NEK7. 
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Figure S13. Modelling NLRP3 oligomer. 
(A) A fiber of ASCPYD (3J63) assembled near the N-terminus of the monomeric models 
of NLRP3 containing FISNA-NACHT-LRR preserving the symmetry of the complex. 
Insert shows the bottom layer of ASCPYD from the fiber structure. 
(B) Association of ASCPYD chains from the bottom and next layer to each pair of close 
monomers of NLRP3. 
(C) ASCPYD-NLRP3-NEK7 complex formed by 13 ASC chains, 11 full chains of NLRP3 
and 11 chains of NEK7. The structure of the NLRP3 linker (in red) was modelled as a 
loop forcing a helix in position 113-128. 
(D) The different symmetry between NLRP3/NEK7 (with a C11 rotation axis) and the fiber 
of ASCPYD (with a C6 rotation axis) leaved the starting position of a chain of ASCPYD as a 
seed to continue forming the ASCPYD fiber. 
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