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ABSTRACT

Inflammasomes orchestrate the inflammatory response against bacterial and viral infections, thereby initiating the synthesis of
pro-inflammatory cytokines, mainly IL-18 and IL-18. SARS-CoV-2 infection induces an inflammatory response mediated by the
activation of NLRP1 and NLRP3 inflammasomes. In this study, we demonstrated that the open reading frame 7b (ORF7b)
accessory protein of SARS-CoV-2 induces the NLRP3 inflammasome in a recombinant HEK293T model. This resulted in an

increase in the distribution of NLRP3 puncta, ASC-specking cells, and caspase-1 activation. ORF7b expression also induced the

dispersion of the trans-Golgi network, a well-known step in the activation of the NLRP3 inflammasome. This study proposes a
novel additional mechanism by which SARS-CoV-2 promotes NLRP3 inflammasome activation by ORF7b.

1 | Introduction

Inflammasomes are intracellular multiprotein complexes
assembled in response to pathogen- and danger-associated
molecular patterns (PAMPs and DAMPs respectively). These
complexes trigger the activation of caspase-1 and induce the
release of the inflammatory cytokines interleukin (IL)-1f and
IL-18 via gasdermin D (GSDMD) induced pyroptosis [1-3].
SARS-CoV-2 infection triggers the activation of different in-
flammasomes, including the ones formed by the nucleotide-
binding oligomerization domain, leucine rich repeat and
pyrin domain containing-protein 1 (NLRP1), NLRP3, caspase
recruitment domain-containing protein 8 (CARDS) and absent
in melanoma 2 (AIM2) (Supporting Table 1) [4-22]. Both IL-1
and IL-18 cytokines have been associated with COVID-19 and
the severity of the acute respiratory distress syndrome [23-28].
Clinical trials involving recombinant IL-1 receptor antagonist
anakinra demonstrated a reduction in the severity of respira-
tory failure and the inflammatory response [29].

The inflammasome formed by the NLRP3 is mainly triggered
by different PAMPs and DAMPs that disturb intracellular K*
concentration, which in turn disperses trans-Golgi network
(TGN), affecting mitochondria ATP production and reactive
oxygen production (ROS) [30-33]. Different compounds block
the NLRP3 inflammasome [34, 35], and blockade using the
specific inhibitor MCC950 effectively diminished lung
inflammation in human ACE2 transgenic mice infected with
live SARS-CoV-2 [36]. SARS-CoV-2 can activate the NLRP3
inflammasome by several distinct mechanisms [4-22]. In
particular the expression of ORF3a triggers cellular K™ efflux
to activate NLRP3 [13-15], the expression of the N protein and
the ORF8 encoded protein are able to interact with NLRP3 and
induce its activation [5, 37], and ORF9b homodimers cause
mitochondrial eviction and NLRP3 activation [18]. During
SARS-CoV-2 infection there is a reprogramming of the host
macrophages, making them able to be primed for the NLRP3
inflammasome by the virus spike (S) protein [9]. As a com-
pensatory mechanism, SARS-CoV-2 virus infection also results
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in a blockage of the inflammasome at different levels,
for example, the envelope (E) protein impairs NLRP3 prim-
ing [12], the non-structural proteins 1 and 13 suppress
the activation of the NLRP3 inflammasome [38] and the
N protein cleaves GSDMD within the N-terminal lytic
domain inactivating pyroptosis [39]. Therefore, there is a
fine balance of the NLRP3 inflammasome activity during
SARS-CoV-2 infection.

In this study, we have found that the ORF7b accessory protein
of SARS-CoV-2 favours the activation of NLRP3, increasing
ASC speck formation and caspase-1 activation. ORF7b pro-
moted dispersion of the trans-Golgi network and activation of
NLRP3. ORF7b gene is conserved across the different variants
of SARS-CoV-2 and other coronaviruses, suggesting that the
ability of ORF7b to disperse trans-Golgi network could be a

2 | Results

To investigate the potential effect of SARS-CoV-2 in the activa-
tion of NLRP3, we used a well-established recombinant system
using HEK293T cells expressing human wild-type NLRP3 YFP
tagged. Treatment of these cells with NLRP3 activators have
previously shown to change the distribution of NLRP3 fluores-
cence from homogeneous in the cytosol to a puncta distribution
[30, 32]. We initially expressed the different SARS-CoV-2 pro-
teins in these cells by transient transfections, and found that from
the 25 different SARS-CoV-2 protein tested, the expression of
ORF10, Nsp4, Nsp6, Nsp8, Nspl1, and Nspl4 was not detectable
by Western blot (Supporting Figure 1). We then quantify the
percentage of transfected cells with a puncta distribution of
NLRP3 and found that it increased upon expression of the
structural protein E and the ORF7b (Figure 1A, Supporting

shared feature of coronaviruses. Figure 2). After repeating the experiments expressing the protein
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FIGURE 1 | The ORF7b from SARS-CoV-2 increase puncta distribution of NLRP3. (A) Percentage of HEK293T cells with a NLRP3-YFP puncta
distribution after 48 h of transfection with different plasmids encoding for SARS-CoV-2 proteins. Dotted line represents the basal number of cells
with NLRP3 puncta found in control transfections with an empty pcDNA vector, value used to normalize the number of cells with NLRP3 puncta for
the different transfections. (B, C) HEK293T cells with a NLRP3-YFP puncta distribution after 48 h of transfection with empty pcDNA vector (-) or
plasmids encoding for SARS-CoV-2 ORF7a and/or ORF7b proteins (B, C) in the presence or absence of 10 uM of MCC950 or a buffer containing
40 uM of KCl (C). Percentage of transfected cells with a NLRP3 puncta distribution is represented. (D) HEK293T cells with a NLRP3-YFP puncta
distribution after 48 h of transfection with empty pcDNA vector (-) or a plasmid encoding for SARS-CoV-2 ORF7b protein and then treated for 60, 90,
120, or 180 min with nigericin (10 uM) in the presence or absence of 10 uM of MCC950 or a buffer containing 40 uM of KCl. Percentage of transfected
cells with a NLRP3 puncta distribution is represented. For A-C each dot represents an independent experiment, and data are represented as mean
(grey bars) + s.e.m; For D, each dot represents de mean of 4 independent experiments. Each independent experiment was performed in duplicate
biological replicates and for each 9 (A-C) or 5 (D) different random fields of view were quantified with an approximate total number of counted cells
of 1350 for A-C or 320 for D in each independent experiment. One-way ANOVA with Holm-Sidak's multiple-comparisons test was used for A-D;
**¥¥p < 0.0001, ***p > 0.0001 < 0.001, **p > 0.001 < 0.01, *p > 0.01 < 0.05, p > 0.05 not significant (ns).
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E or the ORF7b we found a significant increase induced by both
the protein E and ORF7b (Supporting Figure 3 A). While SARS-
CoV-2 protein E has been previously demonstrated to activate
NLRP3 [12, 13] (Supporting Table 1), the role of ORF7b in
inducing the NLRP3 inflammasome remains largely unexplored.
ORF7b is an accessory protein found in different coronavirus,
and its sequence was found conserved among the different SARS-
CoV-2 variants (Supporting Figure 3B), suggesting that the
ORF7b of these coronavirus variants could exert the same effect
on NLRP3 activation. However, SARS-CoV-2 ORF7b acquired
the F19L mutation within the JN.1 linage of the Omicron variant
(Supporting Figure 3B). While phenylalanine and leucine are
both hydrophobic amino acids, and this mutation would not
directly affect the overall structure of ORF7b, the functional
implications of this variant warrant further evaluation. Although
ORF7b derives from a shared transcript with ORF7a, they are
differently translated proteins [40], therefore the overall sequence
similarity among them is only of 9.4% in SARS-CoV-2. However,
we observed that co-expression of ORF7a with ORF7b was not
further increasing cells with NLRP3 puncta distribution
(Figure 1B), but the NLRP3 inhibitor MCC950 was able to reduce
the percentage of cells with puncta NLRP3 distribution induced
by ORF7b (Figure 1C). However, blocking K* efflux from the
cells using a high extracellular K* buffer did not affect ORF7b
induced NLRP3 puncta distribution (Figure 1C). After cell
stimulation with the K*™-ionophore nigericin, a well- established
activator of NLRP3, we observed a marked elevation in the
percentage of cells exhibiting NLRP3 puncta at relatively short
time interval when the cells were expressing ORF7b (Figure 1D).
This increase was a consequence of NLRP3 activation, as
MCC950 decreased it, and dependent of intracellular K* efflux,
as a buffer with KCl also decreased it (Figure 1D). As expected,
the KCl buffer was also able to decrease nigericin-induced
NLRP3 puncta distribution in cells do not expressing ORF7b
(Figure 1D). Interestingly, from 2 to 3 h of nigericin stimulation,
the presence of ORF7b was not able to increase the percentage of
cells with puncta distribution of NLRP3 (Figure 1D), suggesting
that ORF7b facilitate canonical NLRP3 activation at short times
upon stimulation.

We next examined if the expression of ORF7b resulted in in-
flammasome formation by assessing caspase-1 activation. For
that we expressed ASC and pro-caspase-1 in NLRP3 expressing
cells with or without ORF7b expression. We observed increase of
caspase-1 processing (p10 fragment) when ORF7b was expressed
(Figure 2A). Similarly, when analysing the percentage of cells
producing ASC oligomerisation by flow cytometry, we found that
ORF7b, but not ORF7a, was able to increase of the percentage of
cells with ASC oligomers (Figure 2B, Supporting Figure 4). The
increase in caspase-1 activation and ASC oligomerisation was
modest when nigericin was added to the cells (Figure 2C,D,
Supporting Figure 4), but since ASC oligomerization is a fast
process from the initial NLRP3 active structures, it has less res-
olution than the readout of NLRP3 puncta distribution when
expressed without ASC as occurred in Figure 1D.

Additionally, human primary small airway epithelial cells
(HSAEC) were used to investigate the role of ORF7b on NLRP3
activation. We found that these cells were expressing ASC
(PYCARD gene), CASPI and IL1B, but not NLRP3 (Figure 3A)
and had to transfect a plasmid to express human NLRP3
in these cells. The basal expression of the inflammasome

components ASC and CASPI, as well as IL1B and the trans-
fection of NLRP3, bypass the classical requirement for a step 1
or priming of the NLRP3 inflammasome prior activation with
the canonical activator nigericin. The expression of either
ORF7a or ORF7b, was not affecting NLRP3 transfection and
expression (Figure 3B). However, ORF7b expression upregulate
PYCARD, CASP1 and ILIB transcripts in HSAEC cells
(Figure 3B). The co-expression of NLRP3 and ORF7b were not
inducing IL-18 release (Figure 3C), but ORF7b increased the
release of IL-1f3 after nigericin stimulation (Figure 3C).

Finally, since ORF7b from different coronavirus is expressed in
the Golgi network [41, 42], we aimed to analyse if SARS-CoV-2
ORF7b affected trans-Golgi network (TGN). Expression of
ORF7b, but not ORF7a, induced a dispersion of the TGN
similarly to nigericin stimulation (Figure 4A). Of note, not all
NLRP3 puncta co-localized with TGN dispersed structures
under nigericin treatment or ORF7b expression (Figure 4A).
This potentially suggests that not all NLRP3 puncta could rep-
resent active NLRP3 oligomers, and that a diversity of organ-
elles or intracellular localizations could accumulate NLRP3
upon triggering stimulation. The dispersion of the TGN induced
by ORF7b expression was independent on the NLRP3, as in
HEK293T cells not expressing NLRP3, ORF7b was able to dis-
perse TGN (Figure 4B). Overall, our data demonstrate that the
ORF7b from SARS-CoV-2 localizes to the TGN of the cell and
induces its dispersion, and that ORF7b expression is sufficient
to facilitate NLRP3 inflammasome activation.

3 | Discussion

The immune response against SARS-CoV-2 has a strong inflam-
matory component, and in COVID-19 severe cases are related to
an exacerbated inflammatory response [26, 28]. In fact, SARS-
CoV-2 infection can activate multiple inflammasomes (Supporting
Table 1) [4-22]. In the present study, we corroborate that the
ORF7b accessory protein of SARS-CoV-2 could facilitate the
activation of the NLRP3 inflammasome probably at relatively
short time intervals via dispersion of the TGN. Different mecha-
nism of SARS-CoV-2 have been proposed to activate the NLRP3
inflammasome, these include direct interaction with NLRP3, K*
efflux via viroporins, mitochondria damage and ROS production,
as well as transcriptional priming [9, 12-15]. On the other hand,
the 3CL protease of SARS-CoV-2 is also able to cleave and activate
the NLRP1 and CARDS inflammasome by inducing N-terminal
degradation [4, 22]. Our results suggest another mechanistic layer
by which SARS-CoV-2 could facilitate NLRP3 inflammasome
activation: TGN dispersion by ORF7b. ORF7b has been also
identified in different coronavirus and has been localized to the
Golgi [41, 42]. TGN dispersion has been found as a critical
step needed for the activation of the NLRP3 inflammasome in
response to K*-efflux dependent and independent (imiquimod)
activators [30], including influenza viral infection [43]. Here we
found that the ORF7b of SARS-CoV-2 can disperse the TGN and
facilitate NLRP3 activation, constituting a mechanism to affect the
integrity of the TGN. However, our study shows that in the
HEK293T recombinant system, the dispersion of the TGN induced
by nigericin and/or ORF7b expression do not co-localize with the
puncta distribution of NLRP3. Some puncta of NLRP3 are near
TGN structures, but there are many TGN structures without
NLRP3 and large NLRP3 puncta not localizing with TGN. This

Journal of Medical Virology, 2026

30f9

85U8017 SUOWIWIOD BAEa.D 8|qedl|dde au Aq peusenob a e sajolle YO @S JO 3| 10} Aeiqi8UIIUO A8]IAA UO (SUORIPUOD-PUB-SWLBI W0 A8 | IMATeIq U1 UO//:SANY) SUORIPUOD pue SWwie 1 8y} 89S *[920zZ/c0/TE] U0 Akiqiaulluo A8]IM ‘PReS 8@ OueldIN Il 00IARS AQ £680. AWI/Z00T 0T/I0P/W0 A8 | 1M AleIq U1 UO//:SANY WoJy pepeo|umod ‘v ‘9202 ‘TL06960T



(vy)

NLRP3: - - 4+ 4
ASC: - — + + o
Caspase-1: — + + + _ns_
ORF7b: - - _ " — —
(KDa) 29\1
83 n< NLRP3 S s
TE .
49 " <ASC 251
37 - — 85 |
64+
ol S S me < Pro-caspase-1 0
o NLRP3: + + +
hde ASC: + + +
o ORF7b: - + -
< Caspase-1 (p10) ORF7a: - - +
6_
1907
Il < ORF7b
49
Q7| S — — —— (< (-aCtin
C NLRP3: + + D
ASC: + +
Caspase-1: + +
ORF7b: -  +
Nigericin: + +
“18 50 Kkokk
180 S S8R | NLRP3
821 - ;
O ~ 40
49 w—ammw |<ASC 2R
3710w - £ g 304 :
64 = g o
37—-R < Pro-caspase-1 25
| 2 8
9 O ° 104
15_’- — 0 % I :
S S Caspase-1 (p10) NLRP3: + + +
o ASC: + + +
19 -— ORF7b: - - +
157 ‘ < ORF7b Nigericin: - + +
49
37| We— e < (3-actin

FIGURE 2 | ORF7b from SARS-CoV-2 induces NLRP3 inflammasome activation. (A) Western blot for NLRP3, ASC, caspase-1, ORF7b and
B-actin for HEK293T cells after 24 h of transfection with empty pcDNA vector (-) or plasmids encoding for SARS-CoV-2 ORF7b, NLRP3, ASC and
caspase-1 as indicated (+). Western blot representative of three independent experiments. (B) Percentage of cells with ASC oligomers determined by
flow cytometry. Cells were transfected as in A but with plasmids encoding for SARS-CoV-2 ORF7a or ORF7b proteins as indicated (+). (C) Western
blot of cells transfected as in A but treated or not with nigericin (10 uM) for 30 min. Western blot representative of three independent experiments.
(D) Percentage of cells with ASC oligomers determined by flow cytometry. Cells were transfected and treated as in C. For B,D each dot represents an
independent experiment, and data are represented as mean (grey bars) + s.e.m. One-way ANOVA with Holm-Sidak's multiple-comparisons test was
used for B,D; ****p < 0.0001, ***p > 0.0001 < 0.001, **p > 0.001 < 0.01, *p > 0.01 < 0.05, p > 0.05 not significant (ns).

arise the question if all NLRP3 puncta are active receptor and
besides dispersed TGN structures, NLRP3 could also binds to
other cellular structures, as it has been shown for mitochondria,
endosomes or the microtubule-organizing centre [44-50].

The limitation of our study includes by one hand that mecha-
nistically we have not formally shown that ORF7b TGN disper-
sion is promoting NLRP3 inflammasome activation. However,
there are several previous studies, at mechanistic and structural

level, showing that dispersed TGN vesicles promotes interaction
with NLRP3 and favours its activation [30, 43, 49, 51-54]. Also,
most airway epithelial cells do not express endogenous NLRP3
[22], while myeloid cells, with increase NLRP3 expression, lack
the ACE2 receptor for SARS-CoV-2 infection [19]. However,
during infection, NLRP3 expression could be increased in in-
fected or activated airway epithelial cells. Therefore, it is neces-
sary to prove NLRP3 activation by ORF7b in a relevant cellular
model of SARS-CoV-2 infection.
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IL-1P release is potentiated in human primary small airway epithelial cells by SARS-CoV-2 ORF7b expression. (A) Expression of

inflammasome genes in human primary small airway epithelial cells (HSAEC). (B) Expression of inflammasome genes in HSAEC cells transfected
with plasmids encoding for NLRP3 and SARS-CoV-2 ORF7a or ORF7b as indicated. (C) ELISA of IL-1@ in HSAEC supernatants transfected for 24 h
with NLRP3 and SARS-CoV-2 ORF7a or ORF7b as indicated and then treated or not with nigericin (10 uM) for 24 h. Each symbol represents an
independent experiment performed in duplicate biological replicates, and data are represented as mean + s.e.m; Paired ¢-test was used for B,C;

**p>0.001 <0.01, *p > 0.01 <0.05, p>0.05 not significant (ns).

In conclusion, our study shows that the expression of
the SARS-CoV-2 protein ORF7b facilitates and increase
NLRP3 inflammasome activation, as well as it disperses
the TGN, suggesting that SARS-CoV-2 could be modulating
host immune system by activating NLRP3 by different
activation pathways and contributing to COVID-19 symp-
toms severity.

4 | Material and Methods

Reagents. Different reagents and their sources used in this assay
were: nigericin sodium salt was from Sigma-Aldrich, Lipo-
fectamine 2000 was from Life Technologies. The composition of
the E-total (Et) buffer used in all the experiment to stimulate
cells with nigericin was as follows: 147 mM NaCl, 10 mM
HEPES, 13 mM glucose, 2 mM CaCl,, 1 mM MgCl,, and 2 mM
KCI; pH 7.4.

Plasmid constructions. Different constructs of SARS-CoV-2 proteins
were from Addgene or from GeneScript and cloned either into the
pGBW + C-HA (Gateway Binary Vector) or pcDNA vector: Nsp2
(Accession code YP_009725298.1), Nsp4 (Accession code
YP_009725300.1), Nsp5 (Accession code YP_009725301.1), Nsp6
(Accession code YP_009725302.1), Nsp7 (Accession code
YP_009725303.1), Nsp8 (Accession code YP_009725304.1, Nsp9
(Accession code YP_009725305.1), NsplO (Accession code
YP_009725306.1), Nspl1 (Accession code YP_009725312.1), Nsp13
(Accession code YP_009725308.1), Spike protein (S protein, ORF2;
GenelD 43740568), Envelope protein (E protein; GenelD 43740570),
Membrane protein (M protein; GeneID 43740571) and Nucleo-
capsid phosphoprotein (N protein, ORF9; GeneID 43740575).
Likewise, other constructs for SARS-CoV-2 proteins expression
were ordered from GenScript and cloned into pcDNA3.1 + C-HA
vector: Nspl (Accession code YP_009725297.1), Nsp12 (Accession
code YP_009725307.1), Nspl4 (Accession code YP_009725309.1),

Nspl5 (Accession code YP_009725310.1), Nspl6 (Accession code
YP_009725311.1), Envelope protein (E protein, ORF4; GenelD
43740570), ORF3a (GenelD 43740571) ORF6 (GenelD 43740572),
ORF7a (GenelD 43740573), ORF7b (GenelD 43740574), ORF8
(GeneID 43740577) and ORF10 (GeneID 43740576). Human
NLRP3 (UniProt Q96P20) tagged with YFP expression vector was
from previous studies [32], human pro-caspasel (UniProt P29466)
expression vector was kindly provided by George R. Dubyak
Group (Case Western Reserve University, Cleveland, OH, US)
and human ASC (Uniprot Q9ULZ3) expression vector tagged
with RFP at the C terminus was kindly provided by Eicke Latz
(University Hospital Bonn, Germany). Plasmid construct ex-
pressing the red fluorescent protein of Discosoma sp. was used
as transfection control (pDsRed1-N1, Clontech).

Cells and transfections. HEK293T cells (CRL-11268, American
Type Culture Collection) and HEK293T cells stably expressing
the human NLRP3-YFP [32] were maintained in Dulbecco's
modified Eagle's medium (DMEM)/F-12 (1:1) (Lonza) sup-
plemented with 10% fetal calf serum (FCS) (Life Technolo-
gies), 2mM GlutaMAX (Life Technologies), 1% penicillin-
streptomycin (Life Technologies), and for stable cell line
media was supplemented with G418 (2mg/mL; Acros
Organics).

Human primary small airway epithelial cells (HSAEC,
ATCC PCS-301-010) were cultured in Airway Epithelial Cell
Basal Medium (ATCC) complemented with hyaluronic acid
supplement (500 mg/mL), linoleic acid (0.6 mM), lecithin
(0.6 mg/mL), L-glutamine (6 mM), P extract (0.4%) and with the
Bronchial Epithelial Growth Kit containing 1.0 mM epinephr-
ine, 5mg/mL transferrin, 10nM T3, 5 mg/mL hydrocortisone,
5ng/mL recombinant human epithelial growth factor (EGF),
and 5 mg/mL recombinant human insulin (ATCC).

All cell cultures were maintained at 37°C in a humidified 5%
CO, incubator and all cells were routinely tested for
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FIGURE 4 | Trans-Golgi network is dispersed by SARS-CoV-2 ORF7b protein. (A) Representative images of HEK293T cells stably expressing
NLRP3-YFP (green) and transfected for 48 h with SARS-CoV-2 ORF7a or ORF7b as indicated, treated or not with nigericin (10 uM) for 1.5 h. The trans-
Golgi was stained with the TGN46 marker (red), ORF7a or ORF7b was stained with anti-HA antibody (purple) and nuclei was detected with DAPI
(blue). Scale bar: 10 um. Representative images from six independent experiments. (B) Representative images of HEK293T cells transfected for 48 h with
SARS-CoV-2 with empty pcDNA vector (left) or ORF7b-HA (right). The trans-Golgi was stained with the TGN46 marker (red), ORF7b was stained with
anti-HA antibody (purple) and nuclei was detected with DAPI (blue). Scale bar: 10 um. Representative images from six independent experiments.

mycoplasma contamination with the Mycoplasma Detection Kit Quantitative PCR. HSAEC cells were washed twice with
(Roche). Lipofectamine 2000 was used for the transfection of = phosphate-buffered saline (PBS) before total RNA purification
cells according to the manufacturer's instructions using the using the RNeasy kit (Qiagen) following the manufacturer's
indicated amount of plasmid. recommendations and RNA was quantified on a NanoDrop
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2000 (Thermo Fisher Scientific). 700 ng of RNA was reverse
transcribed using an iScriptTM cDNA synthesis kit (BioRad).
gPCR was performed using a CFX96 Touch Real-Time PCR
detection System (BioRad) with SYBR Green mix (Takara) and
the primers used were obtained from Sigma-Aldrich (KiCqStart
Primers) and Quiagen (QuantiTect Primer Assay) (Supporting
Table 2). Relative gene expression was calculated using the 24"
method or the 222" method, normalizing gene expression to
HPRTI expression as an endogenous control.

Flow cytometry. Intracellular ASC-RFP-speck formation was
evaluated by Time-of-Flight inflammasome evaluation tech-
nique, as previously described [55]. Briefly, HEK293T cells
were transiently transfected with ASC-RFP, YFP-NLRP3 and
ORF7a or ORF7b SARS-CoV-2. 24 h post-transfection, cells
were treated or not with nigericin (10 uM) for 30 min and,
subsequently, the detection of ASC-specking cells was ana-
lysed by flow cytometry (Supporting Figure 4) using FACS
Canto (BD Biosciences) and the FCS express software (De
Novo Software).

Western blot. HEK293T cells were lysed on ice-cold lysis buffer
(50 mM Tris-HCI pH 8.0, 150 mM NaCl, 2% Triton X-100, sup-
plemented with 100 uL/mL of protease inhibitor mixture from
Sigma-Aldrich) for 30 min on ice and were then clarified by
centrifugation at 13,052 xg for 10 min at 4°C. Cell lysates were
mixed with loading buffer (Sigma), boiled at 9°C for 5min,
resolved in 12% to 15% polyacrylamide gels (Bio-Rad) and
transferred to nitrocellulose membranes (Bio-Rad). Different
primary antibodies were used for the detection of interest pro-
teins: anti-HA Tag rabbit polyclonal antibody (clone SG77,
catalogue 71-5500, ThermoFisher; 1:1000), anti-ASC mouse
monoclonal antibody (clone O93E9, catalogue 676502, Biole-
gend; 1:250), anti-NLRP3/NALP3 mouse monoclonal antibody
(clone Cryo-2, catalogue AG-20B-0014, AdipoGen; 1:1000) and
horseradish peroxidase (HRP) anti-f-Actin (clone C4, catalogue
sc-47778HRP, Santa Cruz Biotechnology; 1:10,000). Appropriate
secondary antibody conjugated with HRP was used at 1:5000
dilution (Sigma) and developed with ECL plus (Amhershan
Biosciences) in a ChemiDoc HDR (BioRad). Uncropped
Western blots are shown in Supporting Figure 5.

Fluorescence microscopy. HEK293T expressing NLRP3-YFP
were transfected in poly-1-lysine-coated coverslips (Corning).
Cells were washed twice with PBS, fixed for 15min at room
temperature with 4% paraformaldehyde (Electron Microscopy
Sciences), and then washed three times with PBS. Cells were
then blocked with 2% bovine serum albumin and permeabilized
with 0.1% Triton X-100 (Sigma-Aldrich) for 40 min at room
temperature. Cells were stained overnight at 4°C with different
primary antibodies: anti-HA Tag rabbit polyclonal antibody
(clone SG77, catalogue 71-5500, Thermo Fisher; 1:10,000),
sheep anti-TGN46 polyclonal antibody (catalogue AHP500GT,
Bio-Rad, 1:10,000). Cells were washed and then incubated for
1h at room temperature with anti-sheep immunoglobulin G
(IgG) fluorescence-conjugated secondary antibody (Alexa 647
donkey anti-sheep IgG (H + L), Abcam; 1:2000) or with anti-
rabbit immunoglobulin G (IgG) fluorescence-conjugated sec-
ondary antibody (Alexa 555 donkey anti-rabbit IgG (H + L), Life
Technologies; 1:2000). Cells were washed and nuclei were
stained for 10 min with 4’,6-diamidino-2-phenylindole (DAPI,
1:10,000; Sigma-Aldrich), and coverslips were mounted on
slides with mounting medium (53023, Dako).

To analyse NLRP3-YFP puncta distribution cells were co-
transfected with the different SARS-CoV-2 plasmid construc-
tions and pDsRed1-N1. In some experiments, cells were treated
with nigericin (10 uM), MCC950 (10 uM) or with a buffer con-
taining 40 uM KCIL. MCC950 inhibitor was applied 1h after of
the transfection of SARS-CoV-2 constructs. 48 h after transfec-
tion cells expressing DsRed with or without NLRP3 puncta
distribution were counted from nine different fields in each
coverslip. The percentage of cells with NLRP3 puncta distri-
bution was then calculated over the total number of DsRed
positive cells.

Images were acquired using a Nikon Eclipse Ti microscope
equipped with a 20x S Plan Fluor objective (numerical aperture
0.45), a 60x Plan Apo Vc objective (numerical aperture 1.40),
and a digital Sight DS-QiMc camera (Nikon), 387-/447-nm,
472-/520-nm, 543-/593-nm, and 650-/668-nm filter sets
(Semrock) and the NIS-Elements AR software (Nikon). Images
were analysed with ImageJ (U.S. National Institutes of Health)
and deconvolution was performed with the Parallel Iterative
Deconvolution plugin for iterative image deblurring [56].

ELISA assay. Human IL-13 was detected in cell supernatants
using the IL-1 beta Human Instant ELISA™ Kit from Invitrogen
following the manufacturer's instructions and then readed in a
Synergy Mx (BioTek) plate reader.

Viral ORF7b sequence analysis. The different ORF7b viral
sequences were obtained from the National Center for Bio-
technology Information server (www.ncbi.nlm.nih.gov/labs/
virus/vssi/#), and the existing variants were chosen according
to the Nextstrain naming system for variants (www.covariants.
org/variants). Multiple sequence alignment was performed with
the CLUSTALW program of the European Bioinformatics
Institute (www.ebi.ac.uk/Tools/msa/clustalo).

Statistical and data analysis. Statistical analyses were performed
using GraphPad Prism v.9 (GraphPad Software Inc). Normality
and distribution of the samples was determined with Shapiro-Wilk
normality test. Comparisons of multiple groups with normal dis-
tribution were analysed by one-way analysis of variance ANOVA
with Holm-Sidak's multiple-comparisons test. For groups not fol-
lowing normality, the Kruskal-Wallis test was used to compare
multiple groups. Two paired groups with normal distribution were
analysed by the paired t-test. All data are shown as mean values
and errors bars represent standard error (s.e.m.), p value is indi-
cated as ****p < 0.0001; ***p > 0.0001 < 0.001; **p > 0.001 < 0.01;
*p > 0.01 < 0.05; p > 0.05 not significant (ns).
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