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ARTICLE

ASC oligomer favors caspase-1CARD domain
recruitment after intracellular potassium efflux
Fátima Mart́ın-Sánchez1, Vincent Compan2,3, Alejandro Peñ́ın-Franch1, Ana Tapia-Abellán1, Ana I. Gómez1, Maŕıa C. Banõs-Gregori1,
Florian I. Schmidt4, and Pablo Pelegrin1,5

Signaling through the inflammasome is important for the inflammatory response. Low concentrations of intracellular K+ are
associated with the specific oligomerization and activation of the NLRP3 inflammasome, a type of inflammasome involved in
sterile inflammation. After NLRP3 oligomerization, ASC protein binds and forms oligomeric filaments that culminate in large
protein complexes named ASC specks. ASC specks are also initiated from different inflammasome scaffolds, such as AIM2,
NLRC4, or Pyrin. ASC oligomers recruit caspase-1 and then induce its activation through interactions between their respective
caspase activation and recruitment domains (CARD). So far, ASC oligomerization and caspase-1 activation are K+-independent
processes. Here, we found that when there is low intracellular K+, ASC oligomers change their structure independently of
NLRP3 and make the ASCCARD domain more accessible for the recruitment of the pro-caspase-1CARD domain. Therefore,
conditions that decrease intracellular K+ not only drive NLRP3 responses but also enhance the recruitment of the pro-
caspase-1 CARD domain into the ASC specks.

Introduction
The nucleotide-binding domain and leucine-rich repeat-containing
receptor with a pyrin domain 3 (NLRP3) inflammasome is a reg-
ulator of inflammation and immunity. The NLRP3 inflammasome
is a multiprotein complex whose oligomerization occurs in re-
sponse to multiple pathogen and non-infectious triggers, including
situations where intracellular ion homeostasis is disturbed
(Hafner-Bratkovič and Pelegrı́n, 2018; Próchnicki et al., 2016).
Changes in intracellular K+ concentration have been linked to
NLRP3 activation and the release of IL-1β (Perregaux and Gabel,
1994; Petrilli et al., 2007). Compounds, ion channels, and cell pro-
cesses that decrease intracellular K+ concentration, such as P2X7
receptor activation, TWIK2 ion channel opening, cell swelling,
pore-forming toxins, or selective K+-ionophores, all lead to NLRP3
activation (Compan et al., 2012b; Mart́ın-Sánchez et al., 2017; Di
et al., 2018; Di Virgilio et al., 2017; Próchnicki et al., 2016; Muñoz-
Planillo et al., 2013). Although the mechanism behind NLRP3
oligomerization in response to K+-efflux is not well understood, it
has recently been suggested that lowering intracellular K+ re-
arranges the Golgi and causes NLRP3 to bind to negatively charged
lipids on the Golgi, thus promoting NLRP3’s activation and later
interaction with never in mitosis A-related kinase 7 (NEK7; Chen

and Chen, 2018; He et al., 2016; Shi et al., 2016). Also, a decrease in
intracellular K+ leads to a conformational change in NLRP3, thus
favoring its activation (Tapia-Abellán et al., 2021). NLRP3 oligomer
binds the adaptor ASC (apoptosis-associated speck-like protein
with a caspase recruitment domain) and promotes ASC oligomer-
ization in filaments that form large protein complexes called ASC
specks. ASC oligomerization from NLRP3 oligomers occurs via
their pyrin domain (PYD) and the recruitment of new ASC sub-
units into the ASC filament continues via PYD–PYD interactions
(Lu et al., 2014; Cai et al., 2014; Schmidt et al., 2016). In these fil-
aments, the ASC caspase recruitment domain (CARD) is exposed to
the external side and promotes filament binding and re-
cruitment of pro-caspase-1 via CARD–CARD interactions that
activate caspase-1 within inflammasome complexes (Boucher
et al., 2018; Schmidt et al., 2016; Dick et al., 2016; Sborgi
et al., 2015). Active caspase-1 is then able to process proin-
flammatory cytokines of the interleukin (IL)-1 family and also
induces their release via the processing of gasdermin D and
the formation of plasma membrane pores (Broz et al., 2020).
Uncontrolled gasdermin D plasma membrane pores will lead
to a specific type of cell death termed pyroptosis, which
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amplifies the inflammatory response by releasing intracellu-
lar content, including inflammasome oligomers (Broz et al.,
2020; Franklin et al., 2014; Young et al., 2006a). In addition to
the NLRP3 inflammasome, ASC may also oligomerize and
activate caspase-1 in response to other inflammasome scaf-
folds, such as the AIM2, Pyrin, or NLRC4 (Hornung et al.,
2009; Masters et al., 2016; Proell et al., 2013). The oligomer-
ization of these inflammasomes is independent of the con-
centration of intracellular K+, and sensors are instead
promoted by the presence of cytosolic nucleic acids, flagellin
or type III secretion system proteins, or RhoA GTPase inhi-
bition (Hornung et al., 2009; Masters et al., 2016; Gao et al.,
2016; Zhao et al., 2011). To date, the oligomerization of ASC
has been thought to be independent of intracellular K+ con-
centration. Here, we describe how the ASC speck changes
its structure in conditions of low intracellular K+ to make
ASCCARD domains more accessible and to enhance the re-
cruitment of pro-caspase-1CARD domains. Our results show
that the structure of ASC oligomerized by inflammasome
sensors other than NLRP3 can be affected by a decrease in
intracellular K+.

Results
NLRP3, but not ASC, oligomerize in response to K+ efflux
The co-expression of the inflammasome proteins NLRP3, ASC,
and pro-caspase-1 in HEK293 cells results in the functional re-
constitution of the NLRP3 inflammasome able to activate
caspase-1 in response to a decrease in intracellular K+ induced by
hypotonic cell swelling (Fig. 1 A), which confirms that HEK293
cells are a suitable cellular model for studying NLRP3 in-
flammasome activation (Compan et al., 2012b; Chen and Chen,
2018; Bartok et al., 2016; Compan and López-Castejón, 2016).
Both the K+ ionophore nigericin and cell swelling were found to
induce a decrease in the intracellular K+ concentration in the
HEK293 cell system (Fig. S1 A). NLRP3 and ASC co-expression in
HEK293 results in the co-oligomerization of these proteins only
after nigericin or hypotonic stimulation (Fig. 1 B). As expected,
the oligomerization of NLRP3 was due to K+ efflux since its
oligomerization was blocked when nigericin was added in a high
K+ buffer (Fig. S1, B and C). Also, as previously described (Young
et al., 2006a; Tapia-Abellán et al., 2019a), the pathological mu-
tation of NLRP3 D303N associated with cryopyrin-associated
periodic syndromes (CAPS) resulted in the spontaneous oligo-
merization of NLRP3 when expressed in HEK293 cells without
any stimulation (Fig. 1 C). This oligomerization was not affected
by K+ efflux, as nigericin or hypotonic stimulation did not affect
basal NLRP3 D303N oligomers (Fig. S1 D). When ASC is co-
expressed with the D303N mutated NLRP3, ASC assembly led
to the convergence of NLRP3 oligomers into single structures
per cell (Fig. 1 C).

The expression of low amounts of ASC alone in HEK293 was
unable to trigger oligomerization in response to nigericin or
hypotonic solution (Fig. 1 D), and NLRP3-deficient macrophages
expressing ASC do not release IL-1β after nigericin stimulation
(Fig. S1 E), thus confirming that NLRP3 is the sensor protein
responsible for the oligomerization of functional inflammasomes

in response to K+ efflux (Muñoz-Planillo et al., 2013). However,
for higher expression levels of ASC alone, spontaneous oligo-
merization of ASC was observed in HEK293 (Fig. 1 D). These
oligomers were functional as a platform for inducing the self-
processing of caspase-1 and IL-1β (Fig. 1 E) and they recruit wild-
typeNLRP3 into the ASC speckswithout any cell stimulation that
would decrease intracellular K+ (Fig. 1 F). Therefore, ASC specks
formed by high expression levels of ASC present a functional
structure. To study the structure of these ASC oligomers, we did
high-resolution imaging and found that ASC oligomers were
filamentous in nature when both untagged and Luc-tagged ASC
were expressed (Fig. 1 G), similar to what has been reported in
other studies (Hoss et al., 2016). When ASC was expressed to-
gether with a nanobody targeting ASCCARD domain and impair-
ing ASCCARD homotypic interactions (Schmidt et al., 2016), ASC
oligomerization was found to result in filaments (Fig. 1 H).

BRET assay reveals a structural change in ASC specks in
response to K+ efflux
Spontaneous ASC speck formation induced by high expression
was not affected by tagging ASC with either YFP or Luc at
C-terminus (Fig. S2, A and B). Co-expression of ASC-YFP and
ASC-Luc results in ASC specks containing both types of tagged
ASC (Fig. 2 A). Therefore, we used the BRET technique to
monitor the distance between the donor Luc and the receptor
YFP within the speck in real time. The BRET signal is higher
when these two epitopes are closer to each other and is lower
when they are further apart (Compan et al., 2012a). We found
a specific BRET signal between ASC-Luc and ASC-YFP inside
the specks (Fig. 2, B and C). After nigericin or hypotonic
stimulation, the ASC speck BRET signal decreased (Fig. 2 D),
and this decrease was blocked by high extracellular K+ con-
centration (Fig. 2 E and Fig. S2 C), suggesting that the ASC
speck, independently of NLRP3, undergoes a structural
change caused by K+ efflux. Co-expression of wild-type NLRP3
or D303N mutant increased the ASC speck BRET signal
(Fig. 2 F) but did not affect the general profile of the ASC speck
structural changes induced by K+ efflux (Fig. 2 G). However,
the presence of NLRP3 resulted in a faster and more pro-
nounced decrease in the BRET signal after nigericin or hy-
potonic stimulation (Fig. 2 G).

K+ efflux-induced structural changes in the ASC speck promote
differential ASC labeling with antibodies
The structural changes in the ASC speck due to K+ efflux were
also shown by immunofluorescence experiments and ASC
stainingwith different antibodies. Using anti-Luc antibodies, the
staining of the ASC speck that was formed by ASC-YFP and ASC-
Luc was more intense after nigericin or hypotonic treatment
(Fig. 3, A and B), whereas ASC-YFP fluorescence remained
constant whatever the treatment (Fig. S3 A). Change in ASC-Luc
staining was transient after nigericin treatment and stable after
hypotonic stimulation (Fig. 3, A and B). The increase in ASC
staining observed after nigericin treatment was blocked by a
high K+ extracellular solution (Fig. 3 C). These data are consis-
tent with the BRET recording kinetics described above (Fig. 2 D).
Similarly, in HEK293 overexpressing untagged mouse or human
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Figure 1. K+ efflux induces NLRP3, but not ASC, oligomerization. (A) Caspase-1, ASC, NLRP3, and tubulin immunoblot of HEK293 cells transfected with
plasmids encoding for pro-caspase-1, NLRP3, and in the last two lanes with ASC (1 μg). After 16 h of transfection, cells were exposed to hypotonic buffer (90
mOsm) for 1 h as indicated before cell lysis. (B) Representative fluorescent photomicrographs of NLRP3-YFP HEK293 stable cell line transfected with a plasmid
encoding for ASC (1 μg) and unstimulated (control) or stimulated with either nigericin (10 μM, 30 min) or hypotonic solution (90 mOsm, 1 h) as indicated.
NLRP3-YFP was revealed by direct excitation of YFP (green), ASC was stained with polyclonal α-PYDASC antibody (AF647, red), and nuclei were revealed with
DAPI (blue); scale bar, 10 μm. (C) Representative fluorescent photomicrographs of NLRP3-YFP D303N HEK293 stable cell line transfected or not with a plasmid
encoding for ASC (1 μg) as indicated. NLRP3-YFP D303N was revealed by direct excitation of YFP (green), ASC was stained with polyclonal α-PYDASC antibody
(AF647, red), and nuclei were revealed with DAPI (blue); scale bar, 10 μm. (D) Representative fluorescent photomicrographs of HEK293 cells transfected with a
plasmid encoding for ASC (1 or 2 μg, as indicated). ASC was stained with polyclonal α-PYDASC antibody (AF647, red) and nuclei were revealed with DAPI (blue);
scale bar 10 μm (left panels). ASC and β-actin immunoblot of cell extracts (right). (E) Caspase-1, IL-1β, ASC, and tubulin immunoblot of HEK293 cells transfected
with plasmids encoding for pro-caspase-1, pro-IL-1β, and ASC (2 μg). (F) Representative fluorescent photomicrographs of NLRP3-YFP HEK293 stable cell line
transfected with a plasmid encoding for ASC (2 μg). NLRP3-YFP was revealed by direct excitation of YFP (green), ASC was stained with polyclonal α-PYDASC

antibody (AF647, red) and nuclei were revealed with DAPI (blue); scale bar 10 μm. (G) Deconvolved representative fluorescent photomicrographs of HEK293
cells transfected with a plasmid encoding for ASC (2 μg). ASC was stained with monoclonal α-CARDASC antibody (AF647, red); scale bar, 10 μm. (H) De-
convolved representative fluorescent photomicrographs of HEK293 cells transfected with plasmids encoding for ASC-RFP (0.1 μg) and for a control nanobody
(VHH NP1) or for a α-CARDASC nanobody (VHH CARDASC). ASC-RFP was revealed by direct excitation of RFP (red), and nuclei were revealed with DAPI (blue);
scale bar, 10 μm.
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ASC, using an anti-ASC antibody against the CARD domain, we
observed changes in ASC staining after hypotonic or nigericin
stimulation (Fig. 3, D–F). However, and differentially to mouse
ASC, human ASC staining decreased after 20 min of hypotonic
stimulation but was still significantly higher than in control
conditions (Fig. 3, B–E). This could be due to differences between
mouse and human ASC speck structure or due to the specificity
of the antibody against the human-ASCCARD domain, which was
specifically recognized in oligomeric ASC but not in soluble ASC,
either overexpressed in HEK293 cells or endogenously ex-
pressed in mouse macrophages (Fig. S3, B and C). These data

suggest that upon K+ efflux, the ASCCARD domain is more ac-
cessible to antibody staining.

Without any stimulation, the antibody against the ASCCARD

was unable to recognize soluble or oligomeric mouse ASC tagged
at Ct with YFP (Fig. 4 A and Fig. S3 D). However, after nigericin
or hypotonic treatment, mouse ASC-YFP specks were stained
(Fig. 4, A and B) and this staining was completely abolished by
high extracellular concentration of K+ (Fig. 4 B). Of note, and
contrary to the mouse ASC, the BioLegend antibody against the
ASCCARD can stain both soluble and oligomeric human ASC
(Table S1). In contrast to the staining of the CARD domain, an

Figure 2. BRET assays reveal a structural change in ASC specks in response to K+ efflux. (A) Representative fluorescent photomicrographs of HEK293
cells transfected with plasmids encoding for ASC-YFP (0.2 μg) and ASC-Luc (0.1 μg). ASC-YFP was revealed by direct excitation of YFP (green), ASC-Luc was
stained with α-Luc antibody (AF647, red), and nuclei were revealed with DAPI (blue); scale bar, 10 μm. (B) BRET saturation curves for HEK293 cells transfected
with a constant concentration of ASC-Luc and increasing amounts of the BRET acceptor ASC-YFP (black circles) or β-arrestin-YFP (white circles). mBU,
milliBRET units. (C) Emission spectra of HEK293 cells expressing ASC-Luc (white circles) or ASC-Luc with ASC-YFP (black circles) after adding coelenterazine h.
Note the peak emission at 535 nm as the BRET among ASC-Luc and ASC-YFP inside the ASC speck. (D) Kinetic of net BRET signal in HEK293 cells transfected
with the BRET donor ASC-Luc and the acceptor ASC-YFP in response to nigericin (left) or hypotonic solution (90 mOsm, right; n = 2–10 biological replicates).
(E) Area under the curve (AUC) of the net BRET signal kinetic in HEK293 cells transfected with the BRET donor ASC-Luc and the acceptor ASC-YFP in response
to nigericin or hypotonic solution (90 mOsm) recorded in a buffer containing 147 mM of KCl (n = 5–13 biological replicates). (F) BRET signal in HEK293 cells
transfected with the BRET donor ASC-Luc and the acceptor ASC-YFP in the presence of NLRP3 wild-type or D303N as indicated (n = 9–19 biological replicates).
(G) Kinetic of net BRET signal in HEK293 cells transfected with the BRET donor ASC-Luc and the acceptor ASC-YFP in the presence of NLRP3 wild-type or
D303N as indicated, in response to nigericin (left two panels) or hypotonic solution (90 mOsm, right panel); light gray dots represent the BRET signal for ASC-
Luc and ASC-YFP in the absence of NLRP3 expression (n = 3–10 biological replicates). For D-G, data are represented as mean and error bars represent ± SEM;
Kruskal–Wallis test with Dunn’s multiple-comparison post-test was used in F, ***P < 0.005.
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Figure 3. ASC speck structural change in response to K+ efflux is revealed with immunofluorescence. (A) Representative fluorescent photomicrographs
of HEK293 cells transfected with plasmids encoding for ASC-YFP (0.2 μg) and ASC-Luc (0.1 μg), unstimulated (control), or stimulated with nigericin (10 μM) or
hypotonic solution (90 mOsm) for the indicated time. ASC-YFP was detected by the YFP fluorescence (green), ASC-Luc was stained with α-Luc antibody
(AF647, red), and nuclei were revealed with DAPI (blue); scale bar, 10 μm. (B) Relative mean fluorescence intensity (RMFI) of ASC-Luc oligomers from HEK293
transfected and stimulated as in A. Data from n = 3 independent experiments and quantification of a total of 2,084 ASC specks. (C) RMFI of ASC-Luc oligomers
from HEK293 transfected and stimulated as in A but when indicated in the presence of a buffer containing 147 mM KCl. Data from n = 3 independent ex-
periments and quantification of a total of 1,278 ASC-specks. (D and E) RMFI of ASC oligomers from HEK293 transfected with a plasmid encoding for untagged
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antibody against the ASCPYD domain was able to detect both
soluble and oligomeric ASC either untagged (Fig. 1 D) or tagged
with YFP at Ct (Fig. S3 B), and this staining was not affected by
changes in intracellular K+ concentration (Fig. 4 B). These data
suggest that K+ efflux induces a change in ASC speck structure
that makes the ASCCARD domain, but not the ASCPYD domain,
more accessible to antibody staining.

To identify if the change observed in the structure of the ASC
speck was due to changes in the PYD–PYD oligomerization

filament or the CARD–CARD interaction of different filaments,
we used a nanobody that binds to the ASCCARD domain and
impairs the ASCCARD homotypic interactions (Schmidt et al.,
2016). In cells coexpressing ASC-YFP and ASC-Luc BRET sen-
sors, this resulted in ASC filamentous structures containing both
types of ASC (Fig. 4 C). BRET recording showed that ASC fila-
ments presented a lower BRET signal when compared with the
BRET signal from the ASC speck co-expressed with a control
nanobody (Fig. 4 D), suggesting that oligomerization of ASC into

mouse ASC (2 μg, D) or untagged human ASC (1 μg, E) and stimulated as in A. ASC was labeled with monoclonal α-CARDASC. Data from n = 2–3 independent
experiments and quantification of a total of 1,323 (D) and 1,331 (E) ASC specks. (F) Representative fluorescent photomicrographs of cells with ASC specks
quantified in D and E. ASC was stained with monoclonal α-CARDASC antibody (AF647, red) and nuclei was revealed with DAPI (blue); scale bar, 20 μm. For B–E
data are represented as mean and error bars represent ± SEM; Kruskal–Wallis test with Dunn’s multiple-comparison post-test was used in B–E, ***P < 0.001;
**P < 0.01; ns, not significant (P > 0.05) difference.

Figure 4. ASC speck structural change is differentially labeled with antibodies. (A) Representative fluorescent micrographs of HEK293 cells transfected
with a plasmid encoding for ASC-YFP (0.2 μg), unstimulated (control), or stimulated with nigericin (10 μM) or hypotonic solution (90 mOsm) for 3 min. ASC was
detected by the YFP fluorescence (green) and stained with monoclonal α-CARDASC antibody (AF647, red), and nuclei were revealed with DAPI (blue); scale bar,
10 μm. (B) Relative mean fluorescence intensity (RMFI) of ASC-YFP oligomers stained with monoclonal α-CARDASC antibody from HEK293 transfected and
stimulated as in A, but in a buffer with 2 mM (light gray) or 147 mM (dark gray) KCl. Data from n = 2 independent experiments and quantification of a total of
1,103 ASC-specks (2 mM KCl), 370 ASC-specks (nigericin with 147 mM KCl), or 465 ASC-specks (90 mOsm with 147 mM KCl). (C) Representative fluorescent
photomicrographs of HEK293 cells transfected with plasmids encoding for ASC-YFP (0.2 μg), ASC-Luc (0.1 μg), and for either control nanobody (VHH NP1, 0.5
μg) or α-CARDASC nanobody (VHH CARDASC, 0.5 μg). ASC-YFP was revealed by direct excitation of YFP (green), ASC-Luc was stained with α-Luc antibody
(AF647, red) and nuclei were revealed with DAPI (blue); scale bar, 10 μm. (D) BRET signal in HEK293 cells transfected as in C. Data from n = 3 independent
experiments. (E) Kinetic of net BRET signal in HEK293 cells transfected as in C in response to nigericin in normal extracellular K+ buffer (2 mM K+) or high K+

buffer (147 mM K+). Data from n = 4 independent experiments. For B, D, and E, data are represented as mean, and error bars represent ± SEM; Kruskal–Wallis
test with Dunn’s multiple-comparison post-test was used in B, ***P < 0.001; t test was used in D, ***P < 0.001.
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a speck led to a stronger BRET signal compared with that of the
ASC filament. After nigericin treatment, we found a similar
change in the BRET signal that was abrogated by using a high
extracellular K+ solution (Fig. 4 E), suggesting that the structural
change in the ASC filament is similar to that of the full ASC
speck. This suggests that the oligomerization of ASC by the
ASCPYD domain undergoes structural quaternary changes after
K+ efflux that increase the accessibility of the ASCCARD domain.

K+-efflux-induced structural changes to the ASC specks lead to
higher recruitment of pro-caspase-1CARD

Our results lead us to hypothesize that the change in the ASC
speck structure exposes the ASCCARD domain in low K+ intra-
cellular environments, which may result in better recruitment
of pro-caspase-1. To test this hypothesis, we stained ASC specks
with cytosolic extracts containing either soluble pro-caspase-
1CARD domain tagged with EGFP (unpublished data, F.I. Schmidt
lab), which would be recruited by ASCCARD interactions, or
soluble ASC-RFP, which would be recruited mainly by ASCPYD

interactions, but also by ASCCARD interactions. By detecting the
GFP of the pro-caspase-1CARD domain and the RFP fluorescence
of the ASC-RFP, we found that both had been recruited by
already-formed ASC specks (Fig. 5 A). However, the ASC anti-
body against the ASCCARD domain failed to stain ASC-RFP re-
cruited to ASC speck (Fig. 5 B) because this antibody does not
recognize mouse ASC tagged on the Ct in the absence of CARD
domain exposure (Fig. S3 A). When K+ efflux was induced by
hypotonic stimulation of HEK293 cells expressing untagged ASC
specks, we found an increase in the recruitment of the pro-
caspase-1CARD domain, but not in additional ASC-RFP subunits
(Fig. 5, C and D). Staining of ASC with the anti-ASCCARD domain
antibody showed a structural change in the ASC speck upon
hypotonic stimulation that was further increased by the re-
cruitment of ASC-RFP into the speck (Fig. 5 E). This suggests
that the recruitment of new proteins via the ASCCARD domain is
facilitated in situations of low intracellular K+, but not the re-
cruitment of new subunits of ASC, possibly via the ASCPYD

domain.
Finally, to test if this mechanism could have a physiological

role, we stimulated the Pyrin inflammasome with the toxin B of
Clostridium difficile (TcdB), which resulted in the oligomerization
of ASC by Pyrin assembly independently of LPS priming (Heilig
and Broz, 2018). Caspase-1/11 deficient macrophages were used
to prevent pyroptotic cell death upon Pyrin-induced ASC olig-
omerization, and by omitting LPS-priming, we ensured that
NLRP3 inflammasome would not be activated in these experi-
ments (Hornung and Latz, 2010). In this situation, TcdB, but not
nigericin or hypotonic stimulation, was able to induce ASC speck
formation (Fig. 6 A). Furthermore, nigericin and hypotonic
stimulation were not able to alter the number of specking
macrophages upon TcdB stimulation (Fig. 6 A). However, when
nigericin or hypotonicity was applied after TcdB stimulation, the
staining intensity in ASC specks determined by immunofluo-
rescence using anti-ASCCARD antibody was significantly in-
creased and blocked when a high extracellular K+ solution was
used (Fig. 6, B and C). Furthermore, cellular K+ depletion in-
duced by nigericin also increased the staining intensity of ASC

specks in caspase-1/11 deficient macrophages after the activation
of the NLRC4 inflammasome while the NLRP3 inflammasome
was blocked by MCC950 (Fig. 6 D). Despite the increased ac-
cessibility of the ASCCARD domain within the ASC speck when
intracellular K+ was decreased, we found that neither nigericin
nor the use of a buffer with a high K+ concentration was able to
modulate IL-1β release fromNlrp3−/−macrophages (Fig. S4). This
could be because when IL-1β is detected in the supernatant there
is already enough pyroptosis to saturate the system, and the
modulation of the ASC speck by K+ efflux and further increase of
caspase-1 activation could not significantly change the final
amount of released cytokine.

In conclusion, our study demonstrates that intracellular K+

efflux modulates the ASC oligomer structure at the level of the
ASC filament beyond the activation of the NLRP3 inflammasome,
which exposes the ASCCARD domain and promotes the recruit-
ment of pro-caspase-1CARD domain into the ASC speck.

Discussion
We described in this study how the quaternary structure of the
ASC oligomer changes after cellular treatment with the K+ ion-
ophore nigericin or during hypotonic-induced cell swelling. This
structural change can already be observed in ASC filaments
assembled by PYD–PYD interactions and results in a more ex-
posed ASCCARD domain. This allows better recruitment of the
pro-caspase-1CARD domain to the ASC speck.

The NLRP3 inflammasome sensor protein is the only in-
flammasome component described to be activated by a decrease
in intracellular K+ and therefore is the only inflammasome trig-
gered by compounds and processes that induce a K+ efflux from
cells, such as specific K+-ionophores, activation of ion channels,
or pore-forming toxins (Hafner-Bratkovič and Pelegŕın, 2018;
Próchnicki et al., 2016; Muñoz-Planillo et al., 2013). Also, the
activation of caspase-11 induces gasdermin D pyroptotic pores on
the plasma membrane that induces efflux of K+ and the down-
stream activation of the NLRP3 inflammasome (Kayagaki et al.,
2011, 2015). We found that when intracellular K+ decreases, the
ASC speck changes its structure, which in turn promotes the
recruitment of the pro-caspase-1CARD domain, suggesting that
initial gasdermin D plasma membrane permeabilization induced
by other K+-independent inflammasomes affects the structure of
the ASC specks, even if NLRP3 is not present or primed. There-
fore, intracellular K+ concentration regulates at different levels
the inflammasome structure, including inflammasomes that are
not directly triggered by a decrease in intracellular K+, such as
AIM2, NLRC4, or Pyrin (Hornung et al., 2009; Masters et al.,
2016; Gao et al., 2016; Zhao et al., 2011). In particular, ASC
specks triggered by the activation of the Pyrin inflammasome are
also able to change their structure independently of NLRP3 when
intracellular K+ was decreased.

We previously described that the decrease in intracellular Cl−

is important in inducing the oligomerization of ASC by NLRP3
activation (Green et al., 2018); however, under those conditions,
the resulting ASC oligomers were unable to activate caspase-1,
unless the cells also present an efflux of K+ that allowed the
interaction between NLRP3 and NEK7, which in turn activated
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Figure 5. ASC specks recruit more caspase-1CARD domain upon K+ efflux. (A) Relative mean fluorescence intensity (RMFI) of ASC-RFP (left panel) or
CARDCasp1-EGFP (right panel) oligomers from HEK293 transfected with untagged ASC (2 μg), then fixed and permeabilized and stained (+) or not (−) with
soluble ASC-RFP (left panel) or CARDCasp1-EGFP (right panel). Data from n = 2–3 independent experiments and quantification of a total of 467 (left panel) and
258 (right panel) ASC specks. (B) RMFI of ASC specks stained with monoclonal α-CARDASC antibody from HEK293 transfected as in A and treated (+) or not (−)
with soluble ASC-RFP. Data from n = 2–3 independent experiments and quantification of a total of 467 ASC specks. (C) RMFI of ASC specks present in cells
transfected as in A and stained with soluble ASC-RFP (left panel) or CARDCasp1-EGFP (right panel). Before fixation/staining cells were stimulated (+) or not (−)
with hypotonic solution (90 mOsm) for the indicated times (control condition is 20min with isotonic solution). Data from n = 2–3 independent experiments and
quantification of a total of 464 (left panel) and 586 (right panel) ASC specks. (D) Representative fluorescent photomicrographs of HEK293 cells transfected,
treated, and stained as in C for 20 min. Nuclei were revealed with DAPI (blue); scale bar, 10 μm. (E) RMFI of the ASC speck intensity stained with α-CARDASC

antibody from cells transfected as in A, but before fixation cells were unstimulated (−) or stimulated (+) with hypotonic solution (90 mOsm) for 3 min and then
fixed, permeabilized, and stained with soluble ASC-RFP (light gray) or nothing (dark gray) and monoclonal α-CARDASC. Data from n = 2–3 independent ex-
periments and quantification of a total of 764 ASC specks. For A–C, and E, data are represented as mean, and error bars represent ± SEM; Mann–Whitney test
was used in A and B, ***P < 0.001; Kruskal–Wallis test with Dunn’s multiple-comparison post-test was used in C and E, ***P < 0.001; ns, not significant (P >
0.05) difference.
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the inflammasome (Green et al., 2018). The present study shows
that the decrease in K+ could also modify the ASC speck struc-
ture formed by the decrease in intracellular Cl− to promote the
recruitment of the pro-caspase-1CARD domain, and therefore
could also explain caspase-1 activation in conditions where
NLRP3 was activated by Cl− efflux.

The recruitment of ASC by NLRP3 occurs via homotypic
PYD–PYD interactions (Lu et al., 2014; Cai et al., 2014), and we
have previously described how examination of the BRET signals
reveals that these interactions are responsive to K+ efflux
(Compan et al., 2015). Here, we found that the oligomeric
structure of ASC mainly formed by PYD–PYD interactions is also
responsive to a decrease in intracellular K+. This finding is
further supported by the fact that the use of a nanobody that
specifically blocks ASC CARD–CARD interactions within the ASC
speck results in filaments of ASC (Schmidt et al., 2016). These
ASC filaments with exposed CARD domains are still able to

undergo a structural change in response to intracellular K+ ef-
flux. The ASCCARD domain is important not only for forming the
final ASC speck but also for pro-caspase-1 recruitment and ac-
tivation (Dick et al., 2016). Therefore, the exposure of ASCCARD

domains induced by K+ efflux could be important for modulating
caspase-1 activation. Since the ASCPYD filaments present a rigid
core with highly mobile exposed ASCCARD domains (Sborgi et al.,
2015), our data suggest that this flexibility could be responsible
for the change observed in the ASC oligomer structure induced
after cellular K+ efflux. The changes in the ASC-ASC BRET signal
suggest overall changes in the quaternary structure of the ASC
oligomer as the proximity or orientation of ASCCARD domains
change with respect to each other. However, we cannot rule out
that the structural modification in the ASC oligomer observed
may be caused by a change within individual ASC molecules in
terms of the orientation of their CARD and PYD domains with
respect to each other. The formation of ASCPYD or ASCCARD

Figure 6. ASC-speck induced by the Pyrin inflammasome
present a structural change in response to K+ efflux.
(A) Percentage of ASC specking macrophages derived from
Casp1−/− mice stimulated with TcdB (1 μg/ml, 1 h), nigericin (10
μM, 20 min), or hypotonicity (90 mOsm, 20 min), or nigericin or
hypotonicity after TcdB treatment as indicated. ASC was stained
with monoclonal α-CARDASC antibody. Data from n = 2 indepen-
dent experiments and quantification of a total of 1,000 to 2,000
macrophages per treatment. (B) Relative mean fluorescence
intensity (RMFI) of ASC specks from macrophages treated
and stained as in A, but during treatment a buffer with normal
extracellular K+ (2 mM K+, light gray) or high extracellular K+

(147 mM K+, dark gray) was used. Data from n = 2 indepen-
dent experiments and quantification of a total of 179 ASC
specks. (C) Representative fluorescent micrographs of mac-
rophages treated and stained as in B. ASC staining with
monoclonal α-CARDASC antibody is amplified for the selected
speck in the top panels (numbers denote RMFI for each of the
selected ASC specks) and nuclei were revealed with DAPI (blue);
scale bar, top images, 1 μm; bottom images, 10 μm. (D) RMFI of
ASC specks from Casp1−/− macrophages primed with LPS (1 μg/
ml, 2 h) and then treated with PA and FlaA (2:1 ratio, 4 h, Flatox)
in the presence of MCC950 (10 μM to avoid NLRP3 activation)
and nigericin (10 μM, 20 min). ASC was stained with monoclonal
α-CARDASC antibody. Data from n = 2 independent experiments
and quantification of a total of 131 and 159 ASC-specks from
Flatox and Flatox + nigericin respectively. For A, B, and D, data
are represented as mean, and error bars represent ± SEM;
Kruskal–Wallis test with Dunn’s multiple-comparison post-test
was used in A, *P < 0.05; ns, not significant (P > 0.05) difference;
Mann–Whitney test was used in B and D, *P < 0.05; **P < 0.01;
ns, not significant (P > 0.05) difference.
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filaments shows that there is no change in the conformation of
the individual domains upon oligomerization (Lu et al., 2014; Li
et al., 2018). However, these analyses were performed in fila-
ments lacking one of the ASC domains and therefore the ori-
entation of the other domain in the filament is not described,
although it is suggested that a flexible linked ASCCARD surrounds
the filaments of ASCPYD (Lu et al., 2014; Dick et al., 2016; Sborgi
et al., 2015). Furthermore, the structural studies of ASCPYD or
ASCCARD filaments were resolved in the absence of K+ (Lu et al.,
2014; Li et al., 2018; Sborgi et al., 2015), and our study suggests
that the variations in the intracellular ionic environment could
be dynamically modulating the structure of the ASC oligomer.

Therefore, strategies that prevent cellular K+ efflux could be
adopted to target different pathologies involving inflammasome
(Guo et al., 2015), as theywould not only target NLRP3 activation
but would also affect ASC oligomers (Hornung et al., 2009;
Masters et al., 2016; Gao et al., 2016; Zhao et al., 2011). However,
we still need further studies to know if the modifications of the
ASC oligomer structure could in fact have an impact on in-
flammasome signaling. In any case, modulating the structure of
the ASC oligomer could be useful in treating different patholo-
gies such as Alzheimer’s disease, where the ASC oligomer is
central to the development of the disease (Venegas et al., 2017).
Recently, gout and arthritis have been successfully treated in
animal models with specific nanobodies targeting ASC (Bertheloot
et al., 2022). Further understanding of how diseases affect ASC
activity regulation will help in the development of novel ap-
proaches for treating diseases involving inflammasome.

Materials and methods
Reagents
Escherichia coli LPS O55:B5, DAPI, and nigericin were from
Sigma-Aldrich; rabbit polyclonal antibody against caspase-1 p10
(M-20; cat. #sc-514), rabbit polyclonal antibody against ASC
(N-15)-R, and horseradish peroxidase-anti-b actin (C4; cat.
#sc-22514-R) were from Santa Cruz Biotechnology; mouse
monoclonal anti-NLRP3 (Cryo-2; cat. #AG-20B-0014-C100) was
from Adipogen; mouse monoclonal anti-ASC (TMS-1) was from
BioLegend (cat. #653902); rabbit polyclonal anti-tubulin (cat.
#ab4074) from Abcam; rabbit polyclonal anti-renilla luciferase
(cat. #PM047) from MBL; ECL horseradish peroxidase con-
jugated secondary antibody for immunoblot analysis was
from GE Healthcare (Anti-Mouse IgG horseradish peroxi-
dase, cat. #NA931; Anti-Rabbit IgG horseradish peroxidase,
cat. #NA934); Alexa Fluor-conjugated donkey IgG secondary
antibodies (Donkey anti-Mouse IgG AF488, cat. #A-21202;
Donkey anti-Rabbit IgG AF488, cat. #R37118; Donkey anti-
Mouse IgG AF647, cat. #A-31571; Donkey anti-Rabbit IgG
AF647, cat. # A-31573) and ProLong Diamond Antifade
Mountant with DAPI were from Life technologies; Fluo-
rescence mounting medium was from DAKO; TcdB was
from Enzo.

Cell culture, treatments, and transfection
Bonemarrowwas obtained fromwild-typeC57BL/6,Casp1−/−Casp11−/−

mice (Kuida et al., 1995) or Nlrp3−/− mice (Mayor et al., 2006) and

differentiated into bone-marrow-derived macrophages (BMDMs)
using standard protocols (de Torre-Minguela et al., 2016). All animals
were maintained under controlled pathogen-free conditions (20 ±
2°C and a 12-h light–dark cycle), with free access to sterile food and
water. HEK293 cells (ATCC CRL-1573) were maintained in DMEM
media supplemented with 10% FCS and supplemented with G418 to
maintain stable NLRP3-YFP or NLRP3-p.D303N-YFP HEK293 cell
lines (Young et al., 2006a; Baroja-Mazo et al., 2014; Tapia-Abellán
et al., 2019a, 2021). Cell lines were routinely confirmed to be free of
mycoplasma. Lipofectamine 2000 (Life Technologies) was used for
the transfection of HEK293 cells as previously described (Young
et al., 2006a) using different concentrations of plasmids as stated
in the figure legends. It should be noted that non-tagged ASC re-
quired a higher concentration of plasmid transfection to induce
speck formation (2 μg) whereas C-terminal tagged ASC with YFP
or RFP required a lower concentration of plasmid transfection (0.1
μg). ASC expression vectors were generated in pcDNA3.1 (Thermo
Fisher Scientific) mammalian expression vector under the cyto-
megalovirus enhancer–promoter (Mart́ın-Sánchez et al., 2016b).
Cells were stimulated for different times with an isotonic solution
(300mOsm) consisting of (inmM)NaCl 147, HEPES 10, glucose 13,
CaCl2 2, MgCl2 1, and KCl 2; hypotonic solution (90 mOsm) was
achieved by diluting the solution 1:4 with distilled sterile water.
Alternatively, cells were stimulated with nigericin (10 μM) at
different times in an isotonic solution. High extracellular K+ buffer
consisted of (in mM) NaCl 2, HEPES 10, glucose 13, CaCl2 2, MgCl2
1, and KCl 147.

ELISA and Western blot
IL-1β release was measured using ELISA kits for mouse IL-
1β from R&D following the manufacturer’s instructions.
ELISA was read in a Synergy Mx (BioTek) plate reader at 450
nm and corrected at 540 and 620 nm. Western blot was
carried out as described previously (Compan et al., 2012a;
Gillet et al., 2010). Briefly, protein extracts were resolved in
4–12% polyacrylamide gels and electrotransferred. Mem-
branes were probed with different antibodies for caspase-1,
NLRP3, ASC, YFP, luciferase, tubulin, or β-actin (antibodies
references are in the first section of Material and methods).
Membranes were revealed in a ChemiDoc Imaging System
(BioRad).

Bioluminescence resonance energy transfer (BRET) assay
HEK293 cells were co-transfected with a vector encoding for
mouse ASC tagged with Luciferase (C-terminus) or YFP (C-ter-
minus; Mart́ın-Sánchez et al., 2016b). After 24 h, transfected
cells were seeded on a poly-L-lysine-coated white 96-well plate
the day before the assay. The BRET signal was read 5 min after
the addition of coelenterazine-h (5 μM; Invitrogen). Lumines-
cence was detected at 37°C in a SynergyMx plate reader (Biotek)
using two filters for emission at 485 ± 20 and 528 ± 20 nm. The
BRET ratio was calculated as the difference between the 528 and
485 nm emission ratio of R-Luc-ASC and YFP-ASC divided by the
difference between the 528 and 485 nm emission ratio of the
R-Luc-ASC protein alone. Results are expressed in milliBRET
(mBRET) units normalized to basal signal as previously de-
scribed (Mart́ın-Sánchez et al., 2016a).
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Immunofluorescence
HEK293 cells or macrophages were seeded on poly-L-lysine
coverslips 24 h before use. After transfection and/or stimulation,
cells were fixed with 4% formaldehyde, blocked using 2% bovine
serum albumin (Sigma-Aldrich), and permeabilized with 0.1%
Triton X-100 (Sigma-Aldrich). ASC was stained using a primary
antibody anti-ASC (polyclonal anti-PYD ASC, Santa Cruz or
monoclonal anti-CARD ASC, 1:1,000 dilution; BioLegend) or
anti-Luciferase (Abcam; 1:500 dilution) and an Alexa Fluor
AF488 or AF647 conjugated secondary antibody (1:200 dilution;
Life Technologies). ProLong Diamond Antifade Mountant with
DAPI was used as a mounting medium. Images were acquired at
room temperature with a Nikon Eclipse Ti microscope equipped
with a 20× S Plan Fluor objective (numerical aperture 0.45), a
40×S Plan Fluor objective (numerical aperture 0.6), and a 60×S
Plan Apo Vc objective (numerical aperture 1.40), and a digital
Sight DS-QiMc camera (Nikon) with a Z optical spacing of 0.2
μm and 387 nm/447 nm, 482 nm/536 nm, 543 nm/593 nm, and
650 nm/668 nm filter sets (Semrock) and NIS Elements software
(Nikon). Images were processed using ImageJ software (National
Institutes of Health), and the maximum-intensity projection
images are shown in the results.

Isolation of soluble caspase-1 CARD-EGFP and ASC-RFP
HEK293 cells transfected with a vector encoding mouse caspase-
1 CARD domain tagged with EGFP (0.2 μg) or ASC tagged with
RFP (0.2 μg) were lysed in CHAPS (20 mMHEPES-KOH, pH 7.5,
5 mMMgCl2, 0.5 mM EGTA, 0.1 mM PMSF and 0.1% CHAPS) by
passing through a syringe on ice (25-gauge needle, 20 times), and
the supernatant containing the soluble expressed proteins was
obtained by sequential centrifugation at 4°C. The fluorescence in
the supernatants was checked using a plate reader and the ab-
sence of oligomers was confirmed by fluorescence microscopy.

Soluble caspase-1 CARD-EGFP and ASC-RFP recruitment assay
Poly-L-lysine coverslip seeded HEK293 cells were transfected
with mouse ASC (2 μg) 24 h before use. Cells were fixed with 4%
formaldehyde after stimulation with nigericin (10 μM) or hy-
potonic solution (90 mOsm), then washed with PBS, blocked
using 2% bovine serum albumin (Sigma-Aldrich), and per-
meabilized with 0.1% Triton X-100 (Sigma-Aldrich). After that,
cells were incubated with soluble caspase-1 CARD domain-EGFP
(Jenster et al., 2023; 1:50 dilution in PBS) or ASC-RFP (1:5 dilu-
tion in PBS) for 30 min and then fixed for 10 min with 4%
formaldehyde, washed with PBS, and stained for ASC using a
primary antibody against the CARD domain (1:1,000 dilution;
BioLegend) followed by an Alexa-Fluor-conjugated-secondary
antibody (1:200 dilution; Life Technologies). Nuclei were stained
using DAPI (1 μg/ml; 10 min), and the coverslip was mounted
with a fluorescence-mounting medium.

Measurement of intracellular K+

12-well plates with 106 HEK293/well were stimulated for 1 h
with hypotonic solution (90 mOsm) or for 30min with nigericin
(10 μM) at 37°C, then cells were briefly and quickly washed with
nuclease-free water, and then immediately after cells were
scraped in 200 μl/well of nuclease-free water followed by three

freeze–thaw cycles. Lysates were centrifuged at 16,000 × g for
10 min at 4°C, and the supernatants were stored at −80°C until
K+ concentration was quantified by indirect potentiometry us-
ing a Cobas 6000 with ISE module (Roche).

Intensity fluorescence measurement
The fluorescence intensity of the ASC oligomers was analyzed
using ImageJ software. For this, a region of interest (ROI) was
drawn around the oligomer, measuring the average pixel in-
tensity within each selected area and subtracting an average
background value from three selected ROIs within the same
image. The fluorescence intensity values obtained were nor-
malized relative to the control inside the same experiment.

Statistical methods
The data are presented as the mean ± SEM. Data were analyzed
using Prism (GraphPad) software using non-parametric tests if
data was not following a normal distribution according to
D’Agostino and Pearson normality test (n > 5) or the Shapiro–
Wilk test (n < 5). Non-parametric two groups comparison was
done using the Mann–Whitney test (two tails, 95% confidence
level), and the Kruskal–Wallis test with Dunn’s multiple-
comparison post-test was used to determine the differences
among more than two groups. Parametric two groups compar-
ison was done using unpaired t test (two tails, 95% confidence
level). ***P < 0.001; **P < 0.01; *P < 0.05; ns, not significant (P >
0.05) difference.

Online supplemental material
Fig. S1 shows that K+ efflux induces NLRP3 inflammasome ac-
tivation. Fig. S2 shows that ASC speck conformational change
detected by BRET is dependent on K+ efflux. Fig. S3 shows that
the ASC speck could be differentially labeled with antibodies.
Fig. S4 shows that K+ efflux does not control Pyrin in-
flammasome activation. Table S1 shows the differential detec-
tion of soluble vs. oligomeric ASC with different antibodies.

Data availability
The data are available from https://doi.org/10.5061/dryad.
n8pk0p31b.
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and J. Tschopp. 2006. Gout-associated uric acid crystals activate the
NALP3 inflammasome. Nature. 440:237–241. https://doi.org/10.1038/
nature04516

Muñoz-Planillo, R., P. Kuffa, G. Mart́ınez-Colón, B. Smith, T. Rajendiran, and
G. Núñez. 2013. K+ efflux is the common trigger of NLRP3 in-
flammasome activation by bacterial toxins and particulate matter. Im-
munity. 38:1142–1153. https://doi.org/10.1016/j.immuni.2013.05.016

Perregaux, D., and C.A. Gabel. 1994. Interleukin-1 betamaturation and release
in response to ATP and nigericin. Evidence that potassium depletion
mediated by these agents is a necessary and common feature of their
activity. J. Biol. Chem. 269:15195–15203. https://doi.org/10.1016/S0021
-9258(17)36591-2

Petrilli, V., S. Papin, C. Dostert, A. Mayor, F. Martinon, and J. Tschopp. 2007.
Activation of the NALP3 inflammasome is triggered by low intracellular
potassium concentration. Cell Death Differ. 14:1583–1589. https://doi
.org/10.1038/sj.cdd.4402195

Próchnicki, T., M.S. Mangan, and E. Latz. 2016. Recent insights into the
molecular mechanisms of the NLRP3 inflammasome activation. F1000
Res. 5:1–15. https://doi.org/10.12688/f1000research.8614.1

Proell, M., M. Gerlic, P.D. Mace, J.C. Reed, and S.J. Riedl. 2013. The CARD
plays a critical role in ASC foci formation and inflammasome signalling.
Biochem. J. 449:613–621. https://doi.org/10.1042/BJ20121198

Sborgi, L., F. Ravotti, V.P. Dandey, M.S. Dick, A. Mazur, S. Reckel, M. Chami,
S. Scherer, M. Huber, A. Bockmann, et al. 2015. Structure and assembly
of the mouse ASC inflammasome by combined NMR spectroscopy and
cryo-electron microscopy. Proc. Natl. Acad. Sci. USA. 112:13237–13242.
https://doi.org/10.1073/pnas.1507579112

Schmidt, F.I., A. Lu, J.W. Chen, J. Ruan, C. Tang, H.Wu, and H.L. Ploegh. 2016.
A single domain antibody fragment that recognizes the adaptor ASC
defines the role of ASC domains in inflammasome assembly. J. Exp. Med.
213:771–790. https://doi.org/10.1084/jem.20151790

Shi, H., Y. Wang, X. Li, X. Zhan, M. Tang, M. Fina, L. Su, D. Pratt, C.H. Bu, S.
Hildebrand, et al. 2016. NLRP3 activation and mitosis are mutually
exclusive events coordinated by NEK7, a new inflammasome compo-
nent. Nat. Immunol. 17:250–258. https://doi.org/10.1038/ni.3333

Tapia-Abellán, A., D. Angosto-Bazarra, C. Alarcón-Vila,M.C. Baños, I. Hafner-
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Supplemental material

Figure S1. K+ efflux induces NLRP3 oligomerization. (A) Intracellular K+ concentration of HEK293 cells exposed for 1 h to hypotonic buffer (90 mOsm) or
stimulated for 30 min with nigericin (10 μM) (n= 5–8 biological replicates). (B) Representative fluorescent micrographs of NLRP3-YFP HEK293 stable cell line
and treated with nigericin (10 μM, 30min) in normal extracellular K+ (2 mMK+) or high extracellular K+ (147 mMK+) as indicated. NLRP3-YFP (green) and nuclei
were revealed with DAPI (blue); bar 10 μm. (C) Representative fluorescent micrographs of NLRP3-YFP HEK293 stable cell line transfected with a plasmid
encoding for ASC (1 μg) and treated as in A. NLRP3-YFP (green), ASC was stained with polyclonal α-PYDASC antibody (AF647, red), and nuclei were revealed
with DAPI (blue); bar 10 μm. (D) Representative fluorescent micrographs of NLRP3-YFP D303N HEK293 stable cell line unstimulated (−) or stimulated with
nigericin (10 μM, 30 min) or hypotonic solution (90 mOsm, 1 h) as indicated. NLRP3-YFP D303N (green), and nuclei were revealed with DAPI (blue); bar 10 μm.
(E) ELISA for IL-1β in bone-marrow-derived macrophage supernatants after LPS (1 μg/ml, 4 h) followed by nigericin (10 μM, 30 min) stimulation (n = 4–6
biological replicates). For A and E data are represented as mean and error bars represent ± SEM.
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Figure S2. ASC speck conformational change detected by BRET is dependent on K+ efflux. (A) Representative fluorescent micrographs of HEK293 cells
transfected with a plasmid encoding for untagged ASC, ASC-YFP, or ASC-Luc. ASC was stained with polyclonal α-PYDASC antibody (AF647, red), ASC-YFP
(green), and nuclei were revealed with DAPI (blue); scale bar, 20 μm. (B) Immunoblot for ASC of cells using the polyclonal α-PYDASC antibody transfected as in
A. (C) Kinetic of net BRET signal in HEK293 cells transfected with the BRET donor ASC-Luc and the acceptor ASC-YFP in response to nigericin (left) or cell
swelling induced by glycine solution (Na+-Gly, right). Nigericin was applied in normal extracellular K+ (2 mM K+) or high extracellular K+ (147 mM K+) buffer as
indicated. Cell swelling was performed in sodium- (Na+-Gly) or potassium (K+-Gly)-based buffer as indicated. Data are represented as mean and error bars
represent ± SEM (n = 3–8 biological replicates).
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Figure S3. ASC speck is differentially labeled with antibodies. (A) α-Luc antibody (left) or YFP (right) fluorescence of HEK293 cells transfected with
plasmids encoding for ASC-YFP (0.2 μg) and ASC-Luc (0.1 μg), unstimulated (control) or stimulated with nigericin (10 μM) or hypotonic solution (90 mOsm) for
the indicated times. These data correspond to Fig. 3, A and B. Data are represented as mean, and error bars represent ± SEM (ASC α-Luc RFMI data is from n = 3
independent experiments and quantification of a total of 2,084 ASC-specks; ASC-YFP RFMI data is from n = 1–2 independent experiments and quantification of
a total of 2,211 ASC-specks). (B) Representative fluorescent micrographs of HEK293 cells transfected with a plasmid encoding for untagged mouse ASC (2 μg,
left) or untagged human ASC (1 μg, right). ASC was co-stained withmonoclonal α-CARDASC antibody (AF647, red) or with polyclonal α-PYDASC antibody (AF488,
green), and nuclei were revealed with DAPI (blue); scale bar, 10 μm. (C) Representative fluorescent micrographs of mouse macrophages primed with LPS (1 μg/
ml, 4 h) and then stimulated with nigericin (10 μM, 10 min). ASC was stained with monoclonal α-CARDASC antibody (AF647, red) or with polyclonal α-PYDASC

antibody (AF488, green), and nuclei were revealed with DAPI (blue); scale bar, 10 μm. (D) Representative fluorescent micrographs of HEK293 cells transfected
with a plasmid encoding for ASC-YFP (0.2 μg). ASC-YFP was staining with monoclonal α-CARDASC antibody (AF647, red, left panels) or with polyclonal
α-PYDASC antibody (AF647, red, right panels), ASC-YFP (green) and nuclei was revealed with DAPI (blue); scale bar, 10 μm.
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Provided online is Table S1. Table S1 shows the detection of ASC with α-PYDASC (SantaCruz) and α-CARDASC (BioLegend) antibodies
used in this study.

Figure S4. K+ efflux do not control Pyrin inflammasome activation. (A) IL-1β release from bone-marrow-derived macrophages from Nlrp3–/ mice
stimulated for 4 h with LPS (1 μg/ml) and then for 1 h with TcdB (1 μg/ml), and during the last 30min treated with nigericin (25 μM, left) or TcdB was applicated
in a buffer with high K+ (147 mM K+, right). Data are represented as mean, and error bars represent ± SEM (n = 2–7 independent experiments). (B) Proposed
model of the regulation of the ASC speck by K+ efflux.
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