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Cytotoxic lymphocyte-derived granzyme A (GZMA) cleaves GSDMB, a gasdermin-
family pore-forming protein'?, to trigger target cell pyroptosis®. GSDMB and the
charter gasdermin family member GSDMD** have been inconsistently reported to be

degraded by the Shigella flexneri ubiquitin-ligase virulence factor IpaH7.8 (refs. ¢7).
Whether and how IpaH7.8 targets both gasdermins is undefined, and the pyroptosis
function of GSDMB has even been questioned recently®®. Here we report the crystal
structure of the IpaH7.8-GSDMB complex, which shows how IpaH7.8 recognizes the
GSDMB pore-forming domain. We clarify that IpaH7.8 targets human (but not mouse)
GSDMD through a similar mechanism. The structure of full-length GSDMB suggests
stronger autoinhibition than in other gasdermins®°. GSDMB has multiple splicing
isoforms that are equally targeted by IpaH7.8 but exhibit contrasting pyroptotic
activities. Presence of exon 6 in the isoforms dictates the pore-forming, pyroptotic
activity in GSDMB. We determine the cryo-electron microscopy structure of the
27-fold-symmetric GSDMB pore and depict conformational changes that drive pore
formation. The structure uncovers an essential role for exon-6-derived elementsin
pore assembly, explaining pyroptosis deficiency in the non-canonical splicing isoform
used in recent studies®®. Different cancer cell lines have markedly different isoform
compositions, correlating with the onset and extent of pyroptosis following GZMA
stimulation. Our study illustrates fine regulation of GSDMB pore-forming activity by
pathogenic bacteriaand mRNA splicing and defines the underlying structural

mechanisms.

Pyroptosisis crucial forimmune defence againstinfections and endog-
enous dangers™", Pyroptosis is executed by the gasdermin family,
whose members share an N-terminal pore-forming domain and a
C-terminal autoinhibitory domain*?. The charter family member gas-
dermin D (GSDMD)** carries out caspase-1and caspase-11/caspase-4/
caspase-5-mediated pyroptosis in canonical® and non-canonical™?
inflammasomes, respectively. The caspases cleave the interdomain
linker in GSDMD; the unleashed GSDMD-N domain then perforates the
plasma membrane to cause cell lysis®*. GSDMB s absent inrodents and
its polymorphism is associated with increased risks of asthma'”’,
GSDMBis activated by granzyme A (GZMA) from natural killer cellsand
cytotoxic T lymphocytes through cleavage at K244 in the interdomain
linker?. Pyroptotic killing of cancer cells by cytotoxic T lymphocytes
stimulates potent anti-tumour immunity>".

Arecent study reported that Shigella flexneri, causative for shig-
ellosis, uses a type Ill secretion system effector, IpaH7.8, to specifi-
cally ubiquitinate GSDMB for proteasomal degradation®. Another
group also investigated IpaH7.8 inhibition of pyroptosis-mediated

defences, butidentified human (not mouse) GSDMD asiits substrate’.
The findings, although inconsistent, in both cases suggest a reason
why S. flexneri causes bacillary dysentery in humans but not mice.
Notably, the former study showed that GSDMB, following cleavage
by natural-killer-cell-derived GZMA, did not cause pyroptosis butkilled
intracellular bacteria®. Another study on GSDMB ininflammatory bowel
diseasealso claimed thatithad a pyroptosis-null functioninregulating
intestinal epithelial maintenance and repair®, again calling into question
whether GSDMB is a pore-forming, pyroptotic protein.

Crystal structure of the IpaH7.8-GSDMB complex

Wefirst observed that expression of IpaH7.8, but notits ubiquitin-ligase
activity-deficient C357S mutant (IpaH7.8%7), efficiently degraded both
GSDMB and GSDMD in 293T cells (Extended Data Fig. 1a). IpaH7.8%575
specifically co-immunoprecipitated GSDMB among five human gas-
dermins (Extended DataFig. 1b). IpaH family members share a diverse
leucine-rich repeat (LRR) domain and a nearly identical C-terminal
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Fig.1|Structural basis for IpaH7.8 recognition of GSDMB and features of
GSDMB autoinhibition. a, SPR measurements of the binding between IpaH7.8
and full-length (FL) or the C domain of GSDMB or GSDMD. K, is shown as the
mean ts.d.fromthree determinations. ND, not detectable. b, Crystal structure
of thelpaH7.8"**~-GSDMB complex. The LRRs of IpaH7.8 are numbered.

¢, Interactions between IpaH7.8"** and GSDMB. The interaction residues
arelabelled and shown as sticks. Dotted lines represent hydrogen bonds.

d-g, Co-immunoprecipitation (IP) (d,f) and GSDMB degradation (e,g) assays of
thelpaH7.8-GSDMB bindinginterface. Flag-IpaH7.8 (WT, C357S or abinding
site mutant) was co-expressed with GSDMB (WT or abinding site mutant) in

ubiquitin-ligase domain?®. The IpaH7.8 LRR domain (IpaH7.8"**) showed
similar co-immunoprecipitation with GSDMB as full-length IpaH7.8
(Extended DataFig. 1c). Purified full-length IpaH7.8 or IpaH7.8'% formed
al:1complex with GSDMB in gel-filtration chromatography (Extended
DataFig.1d). Surface plasmonresonance (SPR) determined a binding
constant (K;) of about432 nM (Fig.1aand Extended DataFig.1e).IpaH7.8
did not bind to the GSDMB-C domain (Fig. 1a and Extended Data Fig. If),
indicating recognition of the pore-forming domain.

We crystallized the IpaH7.8""*~-GSDMB complex and solved the
2.7 Astructure (Fig. 1b and Extended Data Table 1). IpaH7.8"® adopts a
solenoid-like shape; each of the ten LRRs (LRR1-LRR10) contributes one
strand to form a parallel B-sheet, which makes up the solenoid concave.
The N-terminal tandem, paired helices cover one end of the solenoid,
whilethe other endis masked by ahelix between LRR9 and LRR10 (Fig. 1b).
IpaH7.8""* does not contact the GSDMB-C domain, and its solenoid con-
cave perpendicularly covers the convex of the GSDMB-N domain (Fig. 1b).
Theinterfaceis formed by LRR4-LRR9, which firmly interact with 3 and
itsnearby structureinthe GSDMB-N domain. Specifically, R125,E145and
Y165-Y166 fromthe loop regions of LRR4, LRR5 and LRR6, respectively,
formahydrogen-bond network with the backbones of E95,197 andR99in
3 of GSDMB (Fig. 1c). Q185-R186,H209 and N230-S232 from the loops of
LRR7,LRR8 and LRR9, respectively, formanother series of hydrogen-bond
contacts with E15, D17 and the backbone of A18 of GSDMB (Fig. 1c). The
side chains of E205, Y207 and R228 from LRR8-LRR9 interact with R124,
R208 and the nearby D17/D21in the GSDMB-N domain (Fig. 1c).

Mutations mappingto theinterfaceresiduesinlpaH7.8,suchasthe
R125A/E145A/Y165A and Y166A/Q185D/R186E triple substitutions as

293T cells. d,f, Anti-Flagimmunoprecipitation followed by immunoblotting.
e,g, Immunoblotting of total lysates. h, Structural analyses of GSDMB
autoinhibition. The GSDMB-N domainis shown asacartoon, and structural
elements binding the GSDMB-C domain (cartoon overlaid with a transparent
surface) arelabelled. The major and minorinterfaces are highlighted by large
and small dashed ellipses, respectively, with close-up views on the right. The
interfaceresiduesarelabelled and shown assticks. Dotted lines represent
hydrogenbonds. Dataind-garerepresentative of threeindependent
experiments. See Supplementary Fig.1for gel source data.

well as the E205A/Y207A and R228D/N230D double substitutions,
disrupted IpaH7.8-GSDMB binding in both 293T cells (Fig. 1d) and
gel-filtration co-elution assays (Extended Data Fig.1g). These mutants
failed to elicit degradation of cellular GSDMB (Fig. 1e). Reciprocally,
mutations mapping to IpaH7.8-interacting residues in GSDMB (E15K,
D17A/D21A and R124A/R208A) also disrupted the IpaH7.8-GSDMB
interaction (Fig. 1f and Extended Data Fig. 1h), resulting in resistance
to degradation by IpaH7.8 (Fig. 1g). These data validate the structural
basis for IpaH7.8 targeting of GSDMB.

Mechanisms of GSDMB autoinhibition

Amonghuman gasdermins, the autoinhibited structure has only been
solved for GSDMD'°, with extensive internal deletions used for crystal-
lization. The autoinhibition mechanism, incompletely revealed in that
structure, has some differences to that of mouse GSDMA3 (refs. ). Our
IpaH7.8""-GSDMB complex represents an intact, full-length GSDMB
structure that would otherwise be extremely difficult to obtain. Like
GSDMA3 and GSDMD?*'**, GSDMB adopts a two-domain architecture
including aglobular GSDMB-C domain of eight tandem helices (aA-aH)
(Fig.1hand Extended DataFig. 2a). Of note, the linker between aG and
aHis muchshorter thanthatin other mammalian gasdermins, render-
ing GSDMB-C the smallest gasdermin C-domain (Extended DataFig. 2a).
The GSDMB-N domain features an extended twisted [3-sheet of ten
antiparallel strands (f1-10) that, unlikein GSDMD, are all structurally
ordered (Extended Data Fig. 2b). al and its following loop, together
with the nearby 1/B2 hairpin, constitute a major interface with the
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GSDMB-C domain (Fig. 1h). Surrounding the B-sheet are five helices
(02-a6) (Extended Data Fig. 2b); a6 protrudes away from the sheet
to form a minor autoinhibition interface (Fig. 1h).

At the major interface, F46 and F47 are inserted into a hydropho-
bic pocket formed by M245, M252, A331, Y378, A387 and V390 of the
GSDMB-C domain (Fig. 1h). Flanking the pocket are hydrogen bonds
between R10, R26, K43 and R50 (GSDMB-N domain) and D377, E334,
E285and D330 (GSDMB-C domain), respectively. At the minorinterface,
F178 and 1182 of a6 lie in a shallow non-polar pit formed by aF-aH of the
GSDMB-C domain; R174 and the backbone of K177 form hydrogen bonds
with D379 and E381 of aH in the GSDMB-C domain, respectively (Fig. 1h).
Interactions at the two interfaces, particularly hydrophilic ones, are
markedly more extensive thanin GSDMD and GSDMA3 (refs. *), predict-
ing stronger autoinhibition. Supporting this prediction, single-residue
substitutionsin the hydrophobic pocket, which are sufficient toactivate
GSDMD or GSDMA3 (refs. *1°), did not cause constitutive activation of
GSDMB, and only combined mutations disrupting both hydrophobic
and hydrogen-bondinteractions at the majorinterface activated GSDMB
toinduce pyroptosis (Extended Data Fig. 2c). Compared with GSDMD,
purified GSDMB exhibited slower kineticsinlysing liposomes following
interdomain cleavage (Extended DataFig.2d). Moreover, overexpression
of full-length GSDMB, unlike GSDMD, did not induce any spontaneous
pyroptosis in 293T cells (Extended Data Fig. 2e). These data confirm
the structural distinction of GSDMB and indicate that its pore-forming
activity is more tightly controlled than that of other gasdermins.

A conserved mechanism to recognize GSDMD

IpaH7.8 could also efficiently target human GSDMD by recognizing its
pore-forming domain (Fig. 1a and Extended Data Fig. 1a). Following
structural superimposition, the pore-forming domains of GSDMD and
GSDMB were roughly overlaid (Extended Data Fig. 3a). 33, aland the fol-
lowing turn that mediate GSDMB binding to IpaH7.8"% overlapped well
with their counterparts in GSDMD (Extended Data Fig. 3a). Although
the B3-corresponding regionin GSDMD is notastrand (Extended Data
Fig.2b), its extended, fixed conformation could probably support most
of the backbone interactions with IpaH7.8"%®, Despite conformational
deviations between the two gasdermins (Extended Data Fig. 3a), the
sequences of al and the turn are conserved, particularly the acidic
residues (E15, D17 and D21 in GSDMB) that critically bind IpaH7.8"R®
(Extended DataFig. 3c,d). Conformation adjustment of this regionin
GSDMD couldresultinsimilar binding to IpaH7.8. Indeed, all mutations
inIpaH7.8 disrupting its interaction with GSDMB also blocked degra-
dation of GSDMD and reversed pyroptosis inhibition (Extended Data
Fig.3b,e). Thus, IpaH7.8 probably targets GSDMD through amechanism
akintothatidentified inthe structure for the IpaH7.8-GSDMB complex.
Notably, human GSDMD was only weakly co-immunoprecipitated by
IpaH7.8 and no IpaH7.8-GSDMD complex was identified in gel-filtration
chromatography (Extended DataFig.1b-d); the K, was 76 times higher
than that of GSDMB and IpaH7.8 (Fig.1aand Extended DataFig.1e). The
compromised binding is probably due to the structural differences
betweenthe GSDMD-N domain and the GSDMB-N domain. Forinstance,
R124 of GSDMB, which forms strong binate hydrogen bonds with E205
of IpaH7.8"%, is a serine residue in GSDMD (Extended Data Fig. 3c).
Compared with human GSDMD, mouse GSDMD bears aninsertion
(G18) and two substitutions (D17S and G20R) at the C terminus of al
(Extended DataFig.3d). These differences are predicted to disrupt bind-
ing to IpaH7.8, as confirmed by the SPR data (Extended Data Fig. le).
Accordingly, mouse GSDMD resisted degradation by IpaH7.8in293T cells,
and substituting L16-E21in human GSDMD with the mouse sequence
(V16-D22)alsorendered the proteinresistant to degradation (Extended
DataFig. 3f). Other gasdermins all have unfavourable substitutions in
crucial IpaH7.8-binding residues (Extended Data Fig.3c), inline with the
lack of co-immunoprecipitation (Extended Data Fig. 1b,c). These data
explainwhy only GSDMB and human GSDMD are degraded by IpaH7.8.
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Analyses of GSDMB isoforms

GSDMD has one transcript, whereas ten GSDMB variants are recorded
in the NCBI database, producing five isoforms (GSDMB**' to GSDMB'**)
(Extended Data Fig. 4a). In GSDMB™! to GSDMB****, the GSDMB-C
domain and the coreregions of the GSDMB-N domain are identical. The
sequencedifferences, resulting fromalternative splicingofexons6and?7,
lie in the C terminus of the GSDMB-N domain and the interdomain
linker (Fig.2a). GSDMB®* contains all sequences derived from the two
exons, whereas GSDMB™*? lacks both; GSDMB™*** and GSDMB™* have
only exon-6- and exon-7-derived sequences, respectively. Structural
elements mediating recognition by IpaH7.8, identified in the structure
for the IpaH7.8""*-GSDMB™** complex, are present in all four isoforms.
Inline with this, IpaH7.8 showed comparable co-immunoprecipitation
interactionand complex formation with the fourisoforms and readily
induced their degradation in 293T cells (Fig. 2b,c and Extended Data
Fig.4b). GSDMB***[acks not only exon-6- and exon-7-derived sequences
but also 28 residues of the GSDMB-N domain and 53 residues of the
GSDMB-C domain (Extended Data Fig. 4a) and is probably misfolded.
The GZMA-cleavage site is present in GSDMB*! to GSDMB***,
which all can be targeted by GZMA®. We expected that IpaH7.8 would
counteract GZMA-induced pyroptosis regardless of the GSDMB iso-
form. Supporting this prediction, no pyroptosis was observed in
GZMA-stimulated 293T cells expressing wild-type (WT) IpaH7.8 and
any of the GSDMB isoforms (Fig. 2c). When IpaH7.8“*** or red fluores-
cent protein (RFP) was coexpressed with GSDMB, GZMA still did not
induce pyroptosis in cells expressing GSDMB*! or GSDMB**? (Fig. 2d
and Extended Data Fig. 4c). Echoing this finding, when GSDMB con-
taining a PreScission protease (PPase) site (after the GZMA site) was
expressed in293T cells, delivery of PPase triggered pyroptosisin only
GSDMB™%- or GSDMB™***-expressing cells, although the four isoforms
were equally cleaved by PPase (Fig. 2e and Extended Data Fig. 4d).

Isoform-dependent pore-forming activity

The above analyses indicate that GSDMB isoforms may have different
pyroptoticactivity. Supporting thisidea, expression of the GSDMB**'-N
and GSDMB***-N domains, in contrast to the GSDMB***-N or GSDMB***-N
domain, did notelicit pyroptosisin 293T cells (Fig. 2f and Extended Data
Fig.5a). Additionally, unlike the GSDMB***-N and GSDMB***-N domains,
expression of the GSDMB*'-N or GSDMB*°?>-N domain in Escherichia
colididnotinhibit bacterial growth (Extended DataFig. 5b,c). Like other
active gasdermins’®, purified GSDMB**® and GSDMB™** proteins, after
interdomain cleavage, could notkill S. flexneri owing to the lack of lipid
targets in the bacterial outer membrane (Extended Data Fig. 5d-f). In
liposome leakage assays, lysis activities were not recorded for GSDMB™!
or GSDMB*?, whereas GSDMB™** and GSDMB™*** exhibited strong activi-
ties on liposomes containing PI(4,5)P, or cardiolipin (Extended Data
Fig.5g-i). Negative-stain electron microscopy (EM) directly confirmed
the presence and absence of pore-forming activity in the GSDMB**-N/
GSDMB***-N domains and GSDMB™**-N/GSDMB™**-N domains, respec-
tively (Fig. 2g). These data establishisoform-dependent pore-forming
activities in GSDMB, which underlie the contrasting functions of the
isoforms in induction of pyroptosis.

Cryo-EM structure of the GSDMB pore

To understand the isoform-dependent pore-forming activity, we tried
to solve the pore structure of GSDMB using single-particle cryo-EM
(Extended Data Fig. 6a). Lauryl maltose neopentyl glycol (LMNG) was
identified as the best detergent to solubilize GSDMB™** pores from car-
diolipinliposomes supplemented with asmall amount of phosphatidic
acid. Following gel-filtration chromatography, purified pores were sub-
jected tonegative-stain EM and cryo-EM data collection (Extended Data
Fig. 6a—c). Two-dimensional (2D) classification showed 26- to 30-fold
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Fig.2| GSDMB isoforms are equally targeted by IpaH7.8 but exhibit
different pore-formingactivities. a, Diagram of the five GSDMB splicing
isoforms found in the NCBl database. b, Co-immunoprecipitation of IpaH7.8%7
or IpaH7.8"R with different GSDMB isoformsin 293T cells. Cell lysates were
subjected to anti-Flagimmunoprecipitation and immunoblotting. c, Flag-
IpaH7.8 (WT or C357S) was coexpressed witha GSDMB isoform in 293T cells.
Celllysates were subjected toimmunoblotting. d, Assays of GSDMB isoforms
inlpaH7.8 blocking of GZMA-induced pyroptosis. Construct encoding Flag-
IpaH7.8 (WT or C357S) was transfected into 293T cells stably expressing a
GSDMB isoform; GZMA was electroporated into the cells. e,f, Assays of

symmetry in GSDMB pores, with the majority of pores containing 26,27
(>50%) or 28 protomers (Extended DataFig. 6d). Such variability in sym-
metry was also noted with GSDMB™** (Extended Data Fig. 6¢), as well as
with the GSDMD and GSDMA3 pores®?®, After iterative 2D averaging and
three-dimensional (3D) reconstitution (Extended DataFig. 6f), data for
the 27-fold-symmetric poresyielded the best density map withthereso-
lution reaching 3.2 A (Extended DataFig. 7aand Extended Data Table 2).
The structure was solved using the GSDMB-N domain crystal structure as
aninitialmodel (Extended DataFig. 7b,c). The pore hasinner and outer
diameters of about 160 A and 270 A, respectively, close to those of the
27-mer GSDMA3 pore? (Fig. 3a). Like the GSDMA3 and GSDMD pores,
the GSDMB porefeatures a coronary ring and atransmembrane 3-barrel
ring, organized by the large globular subdomain and two side-by-side
extended B-hairpins of the GSDMB-N domain, respectively (Fig.3a).Inthe
pore, the GSDMB-N domain refolds into ahand shape, with the globular
subdomain formingthe ‘palm’ and the 3-hairpins corresponding to the
‘fingers’ (Fig. 3b). The angle between the palmand the fingersis reduced
by about 9° and 38° relative to those in the GSDMA3-N and GSDMD-N
pore protomers, respectively (Fig. 3c), rendering the globular subdomain
inthe GSDMB pore the most proximal to the membrane.

Isoform2

Isoform3 Isoform4

pyroptoticactivity in GSDMB isoforms. e, PPase was electroporated into 293T
cells stably expressinga GSDMB isoform bearing a PPase site (GSDMB®").

f, Constructs encoding the N domains of the GSDMB isoforms were transfected
into293T cells. Ind-f, lactate dehydrogenase (LDH) release-based cell death
dataareshown asthe mean (bars) of threereplicates (circles).Ind,e, cell lysates
wereimmunoblotted to probe GSDMB degradationand/or cleavage. g, Negative-
stain EM assays of pore-formingactivities in different GSDMB isoforms on
cardiolipinliposomes. Scale bar,100 nm. All dataare representative of three
independent experiments. See Supplementary Fig.1for gel source data.

Structural comparison of the GSDMB-N domain in the autoinhibited
state (from the IpaH7.8"**-GSDMB complex) with that in the pore showed
conformational changes similar to those seenin GSDMA3 (ref.?) (Fig. 3d).
Ofnote, thelongfrizzy loop linking a3 and 33 on the top face of the globu-
lar subdomain becomes ordered in the pore state; residues 82-89 form
astrand that pushes 33 along its strand direction, being fused together
into anew extended 33 (Fig. 3d). The linker containing the short 4 also
refoldsasaB-turnandastrand that merges with the original B5tobecome
an extended 4 (Fig. 3d). The new 33 and 34 form a large antiparallel
B-hairpin. Additionally, the linker containing a6 turnsinto two antiparallel
strands that are combined with the original 7 and 38 to form another
large hairpin (36/B7) (Fig.3d). The 33/p4 and 36/37 hairpins, arranged side
byside, protrude from the globular subdomain for membraneinsertion.

The turn of the B1/B2 hairpin at the bottom face of the globular sub-
domainbecomes exposed inthe pore state (Figs.1hand 3c). In GSDMD,
this 3-turn bearstwo aromaticresidues proposed asamembrane anchor
with their side chains embedded into the phospholipid layer®. The cor-
responding residuesin GSDMB (F46 and F47) probably have thesamerole
(Fig.3e,f). Adjacent to the anchor are two clusters of positively charged
residues, forming basic surface sites that can interact with the polar
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Fig.3|Cryo-EMstructure of the GSDMB pore shows key conformational
changes for pore formation. a, Ribbon scheme and dimensions of the 27-subunit
GSDMB porestructure fitted into the cryo-EM density. b, Cartoon model of the
GSDMB pore subunit fitted into the cryo-EM density. ¢, Structural comparison of
the GSDMB pore subunit with the GSDMD (Protein Data Bank (PDB): 6VFE) and
GSDMA3 (PDB: 6CB8) pores. Orientation deviation of the globular subdomain
fromthe transmembrane B-hairpinis shown on theright.d, Comparison of

the GSDMB-N domainin the autoinhibited structure and the pore structure.
Conformationally changed structural elements are labelled and highlighted by
colour. e, Electrostatic surface of the GSDMB pore. A close-up view on the right
shows the hydrophobic membrane anchor and the two basic sites for acidic
phospholipid binding, located at the bottom of the globular subdomain.

heads of the acidic phospholipids (Fig. 3e). Site 1 consists of RS0/R26/K43
of one GSDMB-N protomer and R225/K227 from the C-terminal tail of a
neighbouring protomer (Fig. 3f). Site 2, situated at the groove between
the globular subdomain and the transmembrane hairpins, is formed by
R174/R195 fromthe 36/B7 hairpin of one protomer and R10/K14 from a1
ofthe neighbouring protomer (Fig. 3f). The structural analyses were sup-
ported by mutagenesis analyses. Deletion of residues 81-89 in GSDMB
that block formation of the 33/B4 hairpin abolished liposome leakage
activity and GZMA-induced pyroptosis (Fig. 3g,h). Disruption of basic
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f, Potential phospholipid-binding sitesin the GSDMB pore subunit. Two
neighbouring pore subunits are shown as cartoons. Residues forming the
membrane anchorand thebasicsites areshownassticks. g, h, Functional analyses
of conformational changes and phospholipid-binding sites of the GSDMB pore
subunit.g, Theindicated liposomes were treated with purified GSDMB™ (WT or
theindicated mutant) in the presence of PPase. Liposome leakage was assayed by
measuring2,6-pyridinedicarboxylicacid (DPA) chelating-induced fluorescence
of released Tb**. h,293T cells expressing GSDMB (WT or the indicated mutant)
wereelectroporated with GZMA.LDHrelease-based cell death dataareshown as
the mean (bars) of three replicates (circles). Theimmunoblot shows the cleavage
of GSDMB. Dataing,harerepresentative of threeindependent experiments. See
Supplementary Fig.1for gel source data.

sites 1and 2 by R26A/K43A/R50A triple and R10A/K14A/R195A/R174A
quadruple substitution, respectively, had similar effects (Fig. 3g,h).

GSDMB oligomerization for pore assembly

Gasdermin pore assembly requires interactions between neighbouring
protomers in both the globular subdomain and the transmembrane
B-hairpins. In the GSDMB pore, 37 of each protomer flanks 33 of the
neighbouring protomer in an antiparallel manner through extensive
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Fig.4|Structural basis for subunit assembly inthe GSDMB pore and exon-
6-dictated pore-formingactivity. a, Structure of the inter-subunit interfaces
inthe GSDMB pore. Two neighbouring subunits are shown as cartoons. The
interfaces between the two globular subdomains and the two transmembrane
B-hairpins are highlighted, with close-up views on the right and the bottom,
respectively. The globular subdomaininterface has two binding sites
(highlighted by boxes); the B-hairpininterface features extensive hydrogen
bonds (dotted lines) formed by the backbones of 7 from one subunit and 3
fromthe neighbouring one.b, Interactions at the globular subdomaininterface.
Interactionresidues from one GSDMB subunitare labelled. Dotted lines
represent hydrogenbonds. ¢,d, Functional analyses of subunit assembly
interactionsinthe GSDMB pore. ¢, Theindicated liposomes were treated with
purified GSDMB™ (WT or the indicated mutant) in the presence of PPase.
Liposome leakage was monitored by measuring DPA chelating-induced

backbone hydrogen bonds, integrating the four-stranded -hairpins
fromall protomersintoatransmembrane -barrel (Fig. 4a), resembling
assembly of the GSDMA3 and GSDMD pores*?, To form the coronary
ring, two convex surface areas on each protomer are wedged into two
concave pockets inthe adjacent protomer (Fig. 4a). One convex surface
features L28 and V29, whichinsert their side chainsinto a pocket formed
by M16,M22,F84 and L162 of the neighbouring protomer, around which
aretwo pairs of charge interactions, thatis, R33 and R195 with E160 and
E15, respectively (Fig. 4b). The other convex is mainly contributed by the
outer face of a5; S145 and R147 form two separate hydrogen bonds with
Q127 and E134 on o4 of the neighbouring protomer, and F144 interacts
hydrophobically with 1222/F224 from 39 of that protomer (Fig. 4b). Sup-
porting the structural observations, aspartate substitution of L28 and
V29 abolished the liposome leakage activity and pyroptosis-inducing
function of GSDMB (Fig. 4c¢,d). The GSDMB E15K mutant also showed

fluorescence of released Tb*.d, 293T cells expressing GSDMB (WT or the
indicated mutant) were electroporated with GZMA. LDH release-based cell
death dataare shown as the mean (bars) of three replicates (circles). The
immunoblot shows the cleavage of GSDMB. e, Structure of the exon-6-derived
sequenceinthe GSDMB pore. Two neighbouring GSDMB subunits are shown
asacartoonand atransparentsurface. The structure of the exon-6-derived
sequenceinonesubunitis highlighted by colour. Exon 6 residues crucial

for pore formation are labelled and shown as sticks. f, Cartoon structural
comparison of GSDMB*** and GSDMB*°!, aligned by their GSDMB-N domains.
Orientation deviation of the GSDMB-C domainis shown on theright. The left
close-up view shows structural differences around the exon-6-derived region
betweenthe twoisoforms.Datainc,d arerepresentative of threeindependent
experiments. See Supplementary Fig.1for gel source data.

markedly attenuated pore-forming and pyroptotic activities, echoing
the findings for GSDMA3 and GSDMD?*%,

Structural basis of isoform differences

We have demonstrated that exon 6-encoded sequences, present in
GSDMB®** and GSDMB®** but absent in GSDMB** and GSDMB**?, dic-
tate pore-forming activity. Inthe autoinhibited GSDMB™** structure, the
13 residues derived from exon 6 (N221-E233) form 10 and the ordered
tail of the GSDMB-N domain that folds back to the top face of the globu-
lar subdomain (Extended Data Fig. 8a). This region adopts the same
structureinthe pore state (Extended Data Fig. 8a) but has multiple cru-
cialrolesinporeassembly (Fig. 4e).1222 and F224 from 39 (that s, 10
intheautoinhibited structure) participate in protomer oligomerization
through hydrophobic interactions (Fig. 4b,e). F231 from the tail falls
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endogenous GSDMB expressionin various cancer cell lines with or without

into a hydrophobic pocket on the top face of the globular subdomain
to stabilize the tail conformation (Fig. 4e). Alteration of either 1222 or
F231abolished the pore-forming and pyroptotic activities of GSDMB
(Fig. 4c,d), highlighting the importance of exon-6-derived structures
for pore assembly. Alteration of R225 and K227 in the tail did not affect
theactivities of GSDMB (Fig. 4c,d), indicating that these residues may
not have akey role in binding phospholipids in the membrane.

To understand the lack of pore-forming activity in GSDMB™**' and
GSDMB**?, we solved the 3.1A crystal structure of GSDMB™! (in complex
withlIpaH7.8"%%) (Extended Data Table 1). GSDMB*°' binds IpaH7.8 identi-
cally to GSDMB™** (Extended Data Fig. 8b), but the structures of the two
isoforms have three prominent differences. First, the orientation of the
GSDMB-C domainrelative tothe GSDMB-N domainis shifted by about 25°
in GSDMB**! compared with GSDMB*** (Fig. 4f). This eliminates the minor
interdomaininterface and causes unfolding of a6. Second, owing to the
absence of the exon-6-derived sequence, GSDMB**' does not have f10and
the following tail, both of which areimportant for pore assembly. Third,
thestructure of the C terminus of the GSDMB*-N domain is notably dif-
ferent to that of GSDMB®***, The GSDMB™*'-N domain s only structured to
P215,andresidues 216-220 along with the interdomainlinker (including
the exon-7-derived sequence) are disordered (Fig. 4f). a5 and the loop
linking to 36 assume a more compact conformation to compensate for
theloss of exon-6-derived structures (Fig. 4f). These differences explain
why GSDMB**! and GSDMB™? lack pyroptosis-inducing activity.

Implications of isoform-specific activity

In view of the isoform differences, we examined the two recent stud-
ies reporting pyroptosis-null function of GSDMB®® and found that
a4l1l-residue isoform (not in the NCBI database) was used. This iso-
form, listed in the UniProt database (termed isoformU or GSDMB*°Y),
results from non-canonical splice junction processing. GSDMB"°V
is closest to GSDMB™*** but has a four-residue insertion followed by
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an asparagine-to-aspartate substitution of the first residue in the
exon-6-encoded sequence (Extended Data Fig. 8c). The insertion did
not affect cleavage by GZMA (Extended Data Fig. 8d) but should dis-
rupt or heavily affect the $10 structure of the GSDMB-N domain, thus
blocking oligomerization and pore assembly. Indeed, GSDMB"°U-N,
compared with the GSDMB®**-N domain, showed strongly reduced
liposome leakage activity and induced much less pyroptosis in 293T
cells (Extended DataFig. 8e,f). GSDMB***-N had no bactericidal activity
onS. flexneri (Extended Data Fig. 5d-f) and caused only subtle cytotox-
icity when expressed in E. coli (Extended Data Fig. 8g). Accordingly,
GZMA induced weak pyroptosis in GSDMB"°Y-expressing 293T cells
and H1299 cells (previously used to suggest pyroptosis deficiency
in GSDMB?®) (Fig. 5a and Extended Data Fig. 8h,i). Quantitatively,
27 times more GZMA was needed to induce the same level of pyrop-
tosis in GSDMB"°Y-expressing cells as in GSDMB™®**-expressing cells
(Extended Data Fig. 8j). In natural killer cell killing assays, GSDMB'**
expression in target cells conferred little pyroptosis, in contrast
to GSDMB®**® but echoing findings with GSDMB™* (Fig. 5b). Thus,
GSDMB'*Y has minimal pore-forming activity owing to interference
with the GSDMB-N domain structure.

We analysed GSDMB isoforms endogenously expressed in vari-
ous cancer cell lines (Fig. 5¢). OE19 cells (oesophageal carcinoma)
showed the highest proportion of GSDMB™*** and GSDMB™*** (about
40%), whereas OVCAR-5 cells (ovarian carcinoma) had the lowest
percentage of the two pyroptosis-competent isoforms (<6% of total
GSDMB transcripts) (Fig. 5d). Following GZMA action, more than 50%
of OE19 cells underwent pyroptosis, whereas most OVCAR-5 cells
remained alive (Fig. 5e,f). Interferon-y (IFNy) markedly stimulated
GSDMB expression® in SW837 (colorectal adenocarcinoma), HT29
(colorectal adenocarcinoma), OE33 (oesophageal carcinoma) and
HCC1954 (breast carcinoma) cells (Fig. 5¢); the proportion of GSDMB**®
and GSDMB™** transcripts rose to over 50%in HT29 and HCC1954 cells
(Fig.5d). Accordingly, stimulated cells became more sensitive to GZMA



(Fig. 5g). The extent of pyroptosis in these cells correlated with the
expression of GSDMB™**® and GSDMB™**, Notably, GSDMB'"" transcripts
were only weakly detected in all these cell lines, regardless of IFNy
stimulation (Fig. 5d). These data highlight the functionalimportance of
theisoform-dependent pore-formingactivity of GSDMB, particularly
in mediating lymphocyte cytotoxicity.

GSDMB expression was detected in primary human small intesti-
nal mucosal and rectal epithelial cells, but not in gastric mucosal and
colonicepithelial cells (Extended Data Fig. 8k). IFNy and tumour necro-
sisfactor o (TNF) but notlipopolysaccharide (LPS) upregulated GSDMB
inrectal epithelial cells; IFNy also showed an effect in colonic epithelial
cells. GSDMB*** was the dominantisoformin small intestinal mucosal
andrectal epithelial cells (the two active isoforms made up 75% of the
total GSDMB transcripts), whereas GSDMB'°Y was negligibly expressed
(Extended Data Fig. 8l). The pattern was unaffected by IFNy, TNF or
LPS. InIFNy-treated colonic epithelial cells, GSDMB*** and GSDMB***
represented over 38% of GSDMB transcripts (Extended Data Fig. 8l). As
intestinal epithelia are primary targets of S. flexneri and other enteric
pathogens, our datareiterate the pyroptosis function of GSDMBin the
defence against entericinfections.

Discussion

Unlike other pyroptosis-blocking bacterial factors* %, ShigellalpaH7.8
directly targets gasdermin. We show that IpaH7.8-catalysed ubiqui-
tination causes efficient degradation of both GSDMB and GSDMD,
resolving the discrepancy®’. Our structural study and a very recent
one®bothelucidate how IpaH7.8 usesits LRRs to recognize exclusively
the pore-forming domainin GSDMB; such amechanism also appliesto
GSDMD. Notably, the affinity of IpaH7.8 binding to GSDMB and GSDMD
varies greatly, probably to fit the cognate ubiquitin-transfer kinetics
(affected by the lysine availability in GSDMB and GSDMD). The two
gasdermins function in distinct immune contexts; their degradation
by IpaH7.8, which does not occurin mice, is proposed as the reason why
S. flexnerionly causes bacillary dysentery in humans®’. Despite the fact
that humans are more sensitive to S. flexneri than mice, the action of
IpaH7.8 stresses theimportance of pyroptosis in antibacterial defence.

We find that GSDMB isoforms produced by alternative splicing have
full or no pyroptoticactivity. The presence of exon-6-derived sequences
inthe GSDMB-N domain dictates the pore-forming activity. The cryo-EM
structure of the GSDMB pore, in comparison with its autoinhibited
structure, uncoversakey role of exon-6-derived structures for protomer
oligomerization in pore assembly. This also explains the absence of
pyroptotic activity in the non-canonical splicing isoform used in two
recent studies®®. The exon-6-derived structure is conserved in human
gasdermins?>?, which explains the fact that residues 1-240 of GSDMD
represent its smallest active fragment>’, We also find that the composi-
tion of GSDMB isoforms, varying greatly in different cells, determines
pyroptosis onset and extent following GZMA action. Thus, regulating
GSDMB splicing may have arole in cytotoxic-T-lymphocyte-mediated
immunity. Intumours, whereas malignant cells tend to downregulate
pyroptosis forimmune evasion*?**°, GSDMB transcription is subject to
upregulation by IFNy and other factors®. Thus, determining the levels of
pyroptosis-competent GSDMB isoforms in target tumours may better
guide cancer immunotherapy.
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Methods

Plasmids

DNA encoding IpaH7.8 was amplified from the genomic DNA of
S. flexneri 2457T. cDNAs for GSDMB isoforms were synthesized by
our in-house gene synthesis facility. cDNAs for GSDMA, GSDMC,
GSDMD, GSDME and mouse Gsdmd were described previously®. For
stable expressionin mammalian cells, cDNAs of GSDMB isoforms were
insertedintothe pLVX-IRES-Zsgreenllentiviral vector, and those bear-
ing a PPase site were cloned into the FUIW-IRES-EGFP lentiviral vector.
For transient transfection, cDNAs for GSDMA, GSDMB, GSDMC, GSDMD,
GSDME and mouse Gsdmd were inserted into the pLVX-Flag-EGFP
vector and DNA for IpaH7.8 was cloned into the FUIW-IRES-mCherry
vector, with an N-terminal Flag and Myc tag, respectively. DNAs
encoding the N-domains of the GSDMB isoforms were cloned into
the pLVX-IRES-Zsgreenl vector.

To examine cytotoxicity in E. coli, DNAs encoding the N-domains
of the GSDMB isoforms were cloned into the pET21a vector; the start
codon for the GSDMB***-N domain was substituted with TTG to reduce
background expression. For recombinant expressionin E. coli, DNA for
IpaH7.8 was cloned into the pGEX-6p-2 vector with an N-terminal glu-
tathione S-transferase (GST) tag. DNAs for GSDMB isoforms were cloned
intoamodified pET vector withan N-terminal 6 xHis-maltose-binding
protein (MBP) tag followed by a PPase site. DNAs for GSDMB isoforms
and GSDMD bearing a PPase site, human and mouse GSDMD, GSDMB-C
domain and GSDMD-C domain were cloned into the pSUMO vector
with an N-terminal 6xHis-SUMO tag. DNA for IpaH7.8"%® was cloned
into the pET28a vector for expression by itself and the pET21a vector
for coexpression with GSDMB. All deletions, insertions and point muta-
tions were generated by standard PCR cloning methods. All plasmids
were verified by DNA sequencing.

Antibodies, compounds and reagents

Monoclonal antibody against human GSDMB (ab215729) and anti-Myc
antibody (HX1821) were obtained from Abcam and Huaxing Bio, respec-
tively. Antibodies against Flag (F3165/M2) and tubulin (T5168) were pur-
chased from Sigma-Aldrich. Horseradish peroxidase (HRP)-conjugated
anti-mouse IgG (NA931) and HRP-conjugated anti-rabbit IgG (NA934)
were purchased from GE Healthcare.

IFNy (285-1F-100) was purchased from R&D, and calcein AM
(C1430) was from ThermoFisher Scientific. LMNG (NG310) was
purchased from Anatrace. Natural and synthetic lipid products
used for liposome preparation were from Avanti Polar Lipids,
including 1-palmitoyl-2-oleoyl-glycero-3-phosphocholine (POPC,
850457), 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphate (POPA,
840857),1,2-dioleoyl-sn-glycero-3-phosphoethanolamine (DOPE,
850725), 1-palmitoyl-2-oleoyl-sn-glycero-3-phospho-L-serine (POPS,
840034), liver L-a-phosphatidylinositol (PI, 840042), 1,3’-bis[1,2-
dioleoyl-sn-glycero-3-phospho]-glycerol (cardiolipin, 710335) and
brainL-a-phosphatidylinositol-4,5-bisphosphate (P1(4,5)P,, 840046).
LPS (L4130), terbium chloride (TbCl,, 212903) and DPA (P63808) were
obtained from Sigma-Aldrich.

Cell culture, transfection and electroporation

HEK293T, OVCAR-5,HT29 and COLO 205 cells were obtained from the
American Type Culture Collection (ATCC). Primary epithelial cells were
obtained fromiCell Bioscience. OE19, HCC1954 and OE33 cells were
purchased from Cobioer. H1299 cells were a gift from X. Wang (National
institute of Biological Sciences, Beijing). SW837 cells were provided by
X.Zhao (Air Force Medical University, China). NK-92Ml cells were a gift
fromZ.Shen (BeiGene). HEK293T and SW837 cells were grownin DMEM
supplemented with 10% (v/v) FBS, 2 mM L-glutamine, 100 mg ml™
penicillin and 100 mg ml* streptomycin. OVCAR-5, COLO 205, OE33,
HT29, OE19, HCC1954 and H1299 cells were grown in RPMI-1640 sup-
plemented with10% (v/v) FBS, 2 mM L-glutamine, 100 mg ml™ penicillin

and 100 mg mlstreptomycin. NK-92MI cells were grown in &-MEM sup-
plemented with 0.2 mMinositol, 0.1 mM 2-mercaptoethanol, 0.02 mM
folic acid, 10 mM HEPES, 1x non-essential amino acids (NEAAs) (Life
Technologies), 20% (v/v) FBS, 100 mg ml™ penicillin and 100 mg ml™*
streptomycin. Primary gastrointestinal epithelial cells were grown in
commercialiCell Primary Epithelial Cell Medium fromiCell Bioscience.

Transient transfection was performed using jetPRIME (Polyplus-
transfection) following the manufacturer’s instructions. For stable
expression, lentiviral plasmids harbouring the desired gene were trans-
fected into 293T cells together with the packaging plasmids psPAX2
and pMD2G at a ratio of 5:3:2. The supernatants were collected 48 h
after transfection and used to infect 293T or H1299 cells for another
24 h. The infected EGFP-positive cells were sorted by flow cytometry
using a FACSAria Il (BD Biosciences). Electroporation of recombinant
proteinsinto mammalian cells was carried out using the NeonTransfec-
tion System (ThermoFisher Scientific) following the manufacturer’s
instructions. Inbrief, cells were prepared at afinal density of about 1 x 10’
cells per ml. Then, 100 pl of cells was mixed with 1.5 pg of homemade
CASP4-p20/p10, 20 pg of GZMA or 60 pg of PPase, and electroporation
was carried out using the following parameters: 1,250 V,10 ms, 2 pulses.

Immunoprecipitation, cell viability and cytotoxicity

For immunoprecipitation, 293T cells grown to 75% confluence were
transfected with the indicated plasmids. Twenty-four hours later, cell
pellets were collected and lysed inlysis buffer (50 mM Tris-HCI pH 8.0,
150 mMNaCl,2 mMEDTA, 1% (v/v) Triton X-100 and protease inhibitor
cocktail) for 0.5 hfollowed by centrifugation at4 °C (15,000 r.p.m. for
10 min). The lysates were incubated with anti-Flag M2 affinity beads
at 4 °C with gentle rotation for 2 h. The beads were washed five times
with lysis buffer, and the immunoprecipitates were eluted with SDS
loading buffer and then denatured at 95 °C for 15 min. The samples
were applied to standard immunoblotting.

Cell viability was determined with the CellTiter-Glo Luminescent
Cell Viability Assay (Promega). Cell cytotoxicity was measured by LDH
release assay using the CytoTox 96 Non-Radioactive Cytotoxicity Assay
kit (Promega).

Natural killer cell killing assays

Naturalkiller cellkilling assays were performed as previously described®.
Inbrief,1x 10°target cells were preloaded with 4 pg mi™ calcein AMin
1mlofcomplete mediumat 37 °C for 30 min. The cells were then washed
twice with PBS and suspended in 5 ml of NK-92MI medium. NK-92MI
cells were co-cultured with the target cells for 6 h, and the effector/
target cell (E/T) ratio was 8 in a 96-well plate. Live target cells without
co-culturing with NK-92Ml cells were used to determine the spontane-
ous (basal) and maximal release of calcein. Fluorescence of the released
calceinwas measured by using an excitation wavelength of 485 nmand
anemission wavelength of 530 nm. The percentage of calceinrelease,
indicative of the extent of target cell death, was calculated as follows:
(calceinrelease determined from the killing assay - basal release)/
(maximal calcein release - basal release).

Quantification of GSDMB isoform expression
RNAsintheindicated cell lines were extracted using the FastPure Cell/
Tissue Total RNA Isolation Kit V2 (Vazyme), and first-strand cDNA was
synthesized using the All-In-One 5X RT MasterMix kit (Applied Biologi-
cal Materials). The common region of GSDMB isoforms was amplified
using the following primers: forward, 5’-AATGATACGGCGACCACCGA
GATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTCTTGTCTTCCC
CAACAAGGAG-3’; reverse, 5'-CAAGCAGAAGACGGCATACGAGAT
NNNNNNGTGACTGGAGTTCAGACGTGTGCTCTTCCGATCGAAATCAG
GACCTCAGATACTC-3’ (the underlined sequence was theindex for indi-
vidual samples). The PCR products were subjected to electrophoresis
on a 2% agarose gel, and DNA bands were excised and sequenced on
the HiSeq 2500 platform (Illumina).



Bacterial growth inhibition assays
Toexamine the cytotoxicity of the GSDMB-N domainin bacteria, equal
numbers of E. coli BL21 (DE3) pLysS competent cells were transformed
with 0.1 pg of the indicated plasmids. Cells were serially diluted and
plated onto LB agar with ampicillin and chloramphenicol in the pres-
ence or absence of isopropyl 3-D-1-thiogalactopyranoside (IPTG).
Colony-forming units (CFUs) were determined by counting the number
of viable bacteria per transformation after overnight culture at 37 °C.
Toexaminethebactericidal activity of the GSDMB isoforms, S. flexneri
2astrain 2457T was grown overnightin BHImedium and diluted 1:200
in BHIfollowed by growth for another 3 h at 37 °C to obtain log-phase
culture. Then, 1 ml of the culture was centrifuged at 4,000 r.p.m. for
2 min, washed once in TBS (50 mM Tris pH 8.0 and 150 mM NaCl) and
resuspended in TBS at1x 10° cells per ml. Reaction aliquots of 15 pl were
set up in TBS by mixing 64 mM of the GSDMB® isoforms with 6.4 mM
PPase. TBS, GSDMB®" and PPase alone were assayed as controls. Five
microlitres of the log-phase culture (5 x 10° cells) was immediately
added to eachreaction, and reactions were incubated for 2 h at 37 °C.
Serial dilutions were plated on BHI agar to determine CFUs.

Recombinant protein expression and purification

TheE. coliBL21(DE3) strain was used for recombinant protein expres-
sion.Bacteriaharbouring the desired expression plasmids were cultured
inLBwith the appropriate antibiotics. Expression of all target proteins
except for IpaH7.8"%® was induced with 0.4 mM IPTG at 20 °C for 20 h
after the ODg,, reached 0.8. Specifically, IpaH7.8 proteins were purified
by glutathione affinity chromatography in buffer A containing 200 mM
NaH,PO,/K,HPO, (pH 7.4),137 mM NaCl, 2.7 mMKCI, 10% glycerol and
2 mM -mercaptoethanol. The GST tag was removed by overnight diges-
tion with homemade PPase at 4 °C. The tag-removed proteins were
further purified by HiTrap Q HP anion-exchange chromatography and
Superdex G75 gel-filtration chromatography and then concentrated
and stored in buffer B containing 200 mM NaH,PO,/K,HPO, (pH 7.4),
137 mM NacCl, 2.7 mM KCl and 1 mM Tris(2-carboxyethyl)-phosphine
hydrochloride (TCEP). To prepare biotinylated IpaH7.8 protein for SPR
measurements, the 15-residue Avi tag was inserted upstream of the N
terminus of IpaH7.8, and the tagged IpaH7.8 construct was coexpressed
with E. colibiotin ligase (BirA) in BL21(DE3) cells. The purification pro-
cess followed that for the unmodified IpaH7.8, and the modification
efficiency was checked by anti-biotin immunoblotting.

Expression of IpaH7.8'®* in the pET28a vector was induced with
0.2mMIPTGat16 °Cfor20 hafter the OD,, reached 0.6. 6xHis-tagged
IpaH7.8"®* was purified by nickel affinity chromatography in buffer C
containing200 mM NaH,PO,/K,HPO, (pH 6.8), 600 mM NaCl, 2.7 mM
KCI, 7% glucose and 2 mM B-mercaptoethanol. IpaH7.8"%* was eluted
from the nickel affinity beads using buffer C supplemented with
500 mMimidazole and further purified by HiTrap Q HP anion-exchange
chromatography followed by Superdex G75 gel-filtration chromatog-
raphy. Purified IpaH7.8"%® was stored in buffer D containing 200 mM
NaH,PO,/K,HPO, (pH 6.8), 600 mM NaCl, 2.7 mM KCl and 2 mM dithi-
othreitol (DTT).

To purify GSDMB isoforms inserted with or without a PPase site
(point mutants were on the isoform 4 background), 6xHis-MBP- or
6xHis-SUMO-tagged GSDMB proteins were purified by nickel affin-
ity chromatography in buffer E containing 20 mM Tris-HCI (pH 8.0),
300 mM NaCl and 20 mM imidazole; the MBP and SUMO tags were
removed by overnight digestion at 4 °C with homemade His-PPase
and ULP1, respectively. The tag-removed proteins were further puri-
fied by HiTrap Q HP anion-exchange and Superdex G75 gel-filtration
chromatography. The purification process for the GSDMB-C domain
wasidentical to that for 6xHis—-SUMO-GSDMB proteins. Expressionand
purification of human and mouse GSDMD and GSDMD-C domain were
performed as previously described”. Purified gasdermin proteins were
stored in buffer F containing 20 mM Tris-HCI (pH 8.0) and 150 mM NaCl.

To obtain GSDMB-IpaH7.8"*k complex for crystallization, 6xHis-
MBP-tagged GSDMB isoform1(with residues 68-80 deleted) or isoform
4 was coexpressed with untagged IpaH7.8'® in BL21 (DE3) cells. The
purification process was the same as that for GSDMB alone. The purified
GSDMB-IpaH7.8"** complex was stored in buffer F. To assay binding
of paired proteins, purified proteins were incubated at a molar ratio
of 1:1for2 honice and the mixtures were thenloaded onto aSuperdex
200Increase10/300 GL columnand eluted with buffer F. Eachisolated
proteinwas analysed on the same column as controls. The eluted frac-
tions were subjected to SDS-PAGE analyses.

Crystal structure determination

Crystallization experiments were carried out at 20 °C using the
sitting-drop vapour diffusion method by mixing 1 pl of protein solu-
tionwith1 plof reservoir solution. Initial crystallization screening was
performed by using commercial kits (Hampton Research). Qualified
crystals of GSDMB***-IpaH7.8'* were obtained in reservoir buffer
containing 1.2 M NaH,PO,/K,HPO, (pH 7.2). Crystals of GSDMB*'-
IpaH7.8" % were obtained from reservoir buffer containing 0.1 M Li,SO,,
0.6 M (NH,)H,PO, and 0.1 M sodium acetate (pH 4.6).

Allcrystals were transferred to a cryoprotectant solution containing
reservoir buffer supplemented with15% (v/v) ethylene glycol or glycerol
before flash-freezing with liquid nitrogen. Diffraction data were col-
lected at the Shanghai Synchrotron Radiation Facility (Shanghai, China)
beamline BL19U1 and SPring-8 (Hyogo, Japan) beamline BL45XU and
processed with the XDS package®. The phase of both structures was
determined by the molecular replacement method using the GSDMB
and IpaH7.8"® structures predicted by AlphaFold* as initial models;
automatic model building was performed in the PHENIX suite®. The
rest of the model was manually built in Coot**. All structures were
refined in PHENIX, and manual modelling was performed between
refinement cycles. The statistics of data collection and refinement are
summarized in Extended Data Table 1. The quality of the final models
was validated by MolProbity®. All structural figures were prepared in
PyMOL or ChimeraX®®,

SPR assays

SPR experiments were carried out at 12 °Cin filtered and degassed
running buffer containing 200 mM NaH,PO,/K,HPO, (pH 7.4),137 mM
NaCl, 2.7 mM KCI, 1 mM TCEP and 0.1% (w/v) Pluronic F-127 by using
aBiacore 8K SPR instrument (Cytiva). Specifically, the flow cells of
astreptavidin (SA) sensor chip (Cytiva) were pretreated with three
consecutive I-mininjections of buffer containing1 MNaCland 50 mM
NaOH ataflow rate of 10 pl min™. IpaH7.8 protein was diluted in running
buffer to aconcentration of 50 pg ml™ and immobilized on the SA chip
toaresponse signal of 5,500 units. The SA chip with captured proteins
was then washed with buffer containing 50% isopropanol,1 MNaCland
50 mM NaOH at a flow rate of 10 pl min™.

The indicated GSDMB or GSDMD proteins at a series of concentra-
tions were injected into the flow cells to pass over the immobilized
IpaH7.8. The titrating protein concentrations were 0.05 uM, 0.15 uM,
0.45 UM, 1.35 uM, 4.05 pM and 12.15 pM for GSDMB, 0.56 1M, 1.67 pM,
5uM, 15 uM, 45 pM and 135 pM for GSDMD and 1.2 pM, 3.59 uM,
10.77 puM, 32.3 pM and 96.9 puM for mouse GSDMD. The binding sig-
nals of GSDMB were measured by a single-cycle method with 120-s
associationand 600-s dissociation at a flow rate of 30 pul min’, whereas
those of human and mouse GSDMD were measured by amultiple-cycle
method with 120-s association and 240-s dissociation at a flow rate of
30 pl min™. The data were fitted to a 1:1 binding mode using the pro-
gram provided by the manufacturer. The binding constant (K,) was
calculated directly from the fitting.

Liposome leakage assays
Tb*-encapsulated liposomes with the indicated phospholipid compo-
sitions were prepared by following a previously described protocol®.
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Aliquots of the liposomes were diluted to a lipid concentration of
300 puM in 90 pl of buffer G containing 20 mM HEPES (pH 7.5) and
150 mM NaCl supplemented with 15 uM DPA. DPA chelates of Tb*'
released from the liposomes were excited at a wavelength of 270 nm,
and the emission wavelength was 490 nm. The emission fluorescence
before addition of protein samples was treated as Ft,. Ten microlitres
of GSDMB proteins and PPase were added to a final concentration of
0.6 uM and 0.15 pM, respectively, and the emission fluorescence was
continuously recorded as Ft at 15-s intervals. After 40 min, 10 pl of 1%
(v/v) Triton X-100 was added to achieve complete release of Tb*, and
the mean values of the top three fluorescence reads were defined as
Ft,o0. The percentage of liposome leakage at each time point was deter-
mined as leakage (£) (%) = (Ft - Ft,) x100/(Ft oo — Ft,).

Reconstitution of GSDMB pores

POPC, POPA and cardiolipin dissolved in chloroform were mixed ina
glasstube atamolar ratio of 3:1:1, and the solvent was evaporated under
astream of nitrogen gas. The dry lipid film was hydrated at room tem-
perature with constant mixing in buffer H containing 20 mM Tris-HCI
(pH 8.0),150 mM NaCland 5 mM DTT, toyield alipid suspension (lipid
concentration, 2.5 mM). Liposomes were generated by extrusion of
the hydrated lipids through a100-nm polycarbonate filter (Whatman)
31times using the Mini-Extruder device (Avanti Polar Lipids). To pre-
pare GSDMB pores, purified GSDMB*** containing a PPase site and
homemade PPase were incubated together with the liposomes for
1.5 hatroom temperature. The perforated liposomes were collected
by ultracentrifugation at 60,000g for 30 min at 4 °C and solubilized
by buffer H supplemented with 0.5% (w/v) LMNG. After a new round
of centrifugation at 13,000g for 10 min at 4 °C, the supernatants con-
taining extracted GSDMB pores were further purified on a Superose
6 gel-filtration column (Cytiva) equilibrated with buffer H containing
0.005% (w/v) LMNG. The pore concentration for EM sample prepara-
tionwas about 0.1 mg ml™.

Negative-stain EM

For negative-stain EM, 5 pl of purified GSDMB pores was transferred
onto glow-discharged EM copper grids coated withalayer of lacey car-
bonsupport film (Zhongjingkeyi Co.). The grids were then washed sev-
eral times withwater to remove the detergents and negatively stained
with 2% uranyl acetate for 30 s followed by air drying. The grids with
captured GSDMB pores wereimaged on a Tecnai T12 microscope (FEI)
at 120 kV. Images were taken on a Gatan 4k x 4k CCD camera with a
nominal magnification of x30,000, giving a final pixel size of 3.71A.

Cryo-EM data collection

A 2.5-ul aliquot of purified GSDMB pores was applied to a glow-
discharged GraFuture-GO grid (Shuimu Biosciences), blotted with
filter paper for 1s and then plunge-frozen in liquid ethane using a
Vitrobot Mark IV cryo-EM system (ThermoFisher). Cryo-EM data were
collected on a 300-kV Titan Krios G3i electron microscope (Ther-
moFisher) equipped with a Gatan K3 direct detection camera. Micro-
graphswere collected in counting mode at a calibrated magnification
of x53,000, yielding a pixel size of 1.08 A. A total of 7,989 micrographs
were obtained, each of which was exposed with an accumulated dose
of 50 electrons per A2 per second and fractionated into a stack of 32
frames with a defocus range of -1.0 to 2.0 um.

Cryo-EMimage processing and model building

Beam-induced motion correction was performed on the stack of
frames using MotionCorr2 (ref. *). The contrast transfer function
(CTF) parameters were determined with CTFFIND4 (ref. *). A total of
7,790 good micrographs were selected for further processing using
the cryoSPARC software suite®. Particles were auto-picked with the
program Blob-picker, followed by reference-free 2D classification
with different parameter adjustments. Next, particle selection was

performed using the program Template-picker with the best 11 2D
classesfromthelast step as templates and simultaneously tested using
Blob-picker with modified parameters. Following particle selection,
another four rounds of 2D classification were performed. A total of
1,990,948 particles were selected from good 2D classes and subjected
to3D abinitio reconstruction to obtain aninitial 3D model. To ensure
accurate symmetry of the GSDMB pore, several rounds of parameters
were tested; the 3D classificationsindicated that the GSDMB pore has
heterogenous symmetry, including C,, C,; and C,5, among which the
C,;classis the dominant one. The C,, class was subjected to structural
determination, and the best particles selected from 2D classification
were subjected to four rounds of 3D classification by using the pro-
gram Heterogeneous Refinement with a 27-fold starting model as a
reference. However, most of the particles selected from the 2D or 3D
classifications were top views that caused severe orientation preference
in3D reconstruction. To circumvent this issue, the side and top views
of'the pores were manually separated through two more rounds of 2D
classification. The C,, class of top view particles were combined with
all the best side view particles for one more round of 3D refinement.
Finally, the 3D GSDMB pore structure with C,, symmetry was recon-
structed from 85,337 particles at a global resolution of 3.17 A based
onthegold-standard Fourier shell correlation criterion of FSC = 0.143
after symmetry-imposed refinement and CTF refinement. The local
resolution was calculated from the final density map. The model of the
GSDMB pore was built by fitting the structure of the GSDMB-N domain
in full-length GSDMB into the density map using ChimeraX>¢, followed
by manual building in Coot* and refinement in PHENIX*?. The model
statistics are listed in Extended Data Table 2.

Statistics and reproducibility

Information concerning statistics and reproducibility for the experi-
mentsinthisstudyis giveninthefigure legends for the corresponding
experiments.

Reporting summary
Furtherinformation onresearch designisavailablein the Nature Port-
folio Reporting Summary linked to this article.

Data availability

The atomic coordinates and structure factors generated in this study
have been deposited in PDB under accession codes 8GTJ, 8GTK and
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6VFE and 6CB8. Source data are provided with this paper.
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Extended DataFig.1|Biochemical characterization ofIpaH7.8-GSDMB
interaction. a, Assay of GSDMB (or GSDMD) degradation by IpaH7.8.
Flag-IpaH7.8 (WT or C357S) was co-expressed with GSDMB or GSDMD in

293T cells. Cell lysates were subjected toimmunoblotting analyses.

b, ¢, Co-immunoprecipitation assay of IpaH7.8 with human gasdermins
(GSDMs). IpaH7.8%5 mutant (b) or IpaH7.8"** (c) was co-expressed withan
indicated Flag-EGFP-tagged GSDM in 293T cells. Cell lysates were subjected to
anti-Flagimmunoprecipitation followed by immunoblotting. d, f, Gel-filtration
chromatography analyses of complex formation between IpaH7.8 or IpaH7.8'%®

and GSDMB or GSDMD (FL or the C-terminal domain). Elution profiles along
with SDS-PAGE analyses of complex elution fractions are shown. e, SPR profiles
oflpaH7.8 binding to GSDMB or human or mouse GSDMD. g, h, Gel-filtration
chromatography analyses of complex formation between IpaH7.8 (WT or
indicated GSDMB-binding site mutants) and GSDMB (WT or indicated IpaH7.8-
binding site mutants). The binding-site mutationsinIpaH7.8 and GSDMB were
identified from the complex crystal structure. All data are representative of
threeindependent experiments. See Supplementary Fig.1for gel source data.
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Extended DataFig. 2| Structural and functional analyses of the
autoinhibition of GSDMB. a, b, Domain structural comparisons of GSDMB
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domain (a) and the GSDMB-N domain (b) (second structural elements
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autoinhibition) was transfected into 293T cells. Expression of the transfected
GSDMB was examined by immunoblotting analyses. LDH release-based cell
death dataare means (bars) of threereplicates (circles). d, Comparison of

GSDMD and GSDMB liposome-leakage activity. Cardiolipin liposomes were
treated with 0.6 or 0.3 uM purified GSDMB™ (isoform 3) or GSDMD™ in the
presence or absence of PPase. Liposome leakage was monitored by measuring
DPA chelating-induced fluorescence of the released Tb*'. Cleavage of GSDMB®"
and GSDMD" by PPase was analyzed by SDS-PAGE. e, Comparison of basal
pyroptoticactivity in FLGSDMB and GSDMD. Indicated amounts of GSDMB

or GSDMD plasmid were transiently overexpressed in293T cells. LDH release-
based cell death dataare means (bars) of three replicates (circles). Expression
ofthe transfected constructs was examined by immunoblotting. Data (c-e) are
representative of threeindependent experiments. See Supplementary Fig.1
for gel source data.
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Extended DataFig. 3 | Structural and functional analyses of IpaH7.8
recognition of GSDMD. a, Structural modeling of IpaH7.8 recognition of
GSDMD. Structure of GSDMD-N domain from FL GSDMD (PDB: 6N90) is

overlaid with that of GSDMB-N domain (from the IpaH7.8"**-GSDMB complex).

Thebindinginterfaceis highlighted by ared box with structural elements
labeled. b, Analyses of GSDMD degradation by IpaH7.8 mutants deficient
inrecognizing GSDMB. Flag-IpaH7.8 (WT, C357S, or abinding-site mutant)
was co-expressed with GSDMD in 293T cells. Cell lysates were subjected to
immunoblotting. c,d, Alignment of the N-terminal domain sequences of
human gasdermins and mouse GSDMD. Second structural elements of
GSDMB-N domainare numbered and shown on top of the sequences. Numbers
of starting residues areindicated on theleft.Identical residuesareinred
background and conserved onesareinred. Residuesinvolved inbinding

IpaH7.8 are highlighted in cyan (c) or blue background (d). e, Functional
validation of IpaH7.8 mutants in blocking GSDMD-mediated pyroptosis. Flag-
IpaH7.8 (WT oranindicated mutant) and GSDMD were co-transfected into
293T cellsand active CASP4 p20/p10 proteins were electroporated into the
cellstoinduce GSDMD-dependent pyroptosis. IpaH7.8-induced degradation
and CASP4 cleavage of GSDMD were examined by immunoblotting. SDS-PAGE
analyses show the loading of CASP4 p20/p10 proteins. LDH release-based cell
death dataare means (bars) of threereplicates (circles). f, Assay of mouse
GSDMD degradationby IpaH7.8. Flag-IpaH7.8 (WT or C357S) was co-expressed
in293T cells with human or mouse GSDMD or human GSDMD with its L16-E21
sequences substituted with the mouse sequences (V16-D22). Cell lysates were
subjected toimmunoblotting. Data (b, e, f) are representative of three
independent experiments. See Supplementary Fig.1for gel source data.
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Extended DataFig. 4 |Sequence differencesin GSDMB isoforms and
characterizations of their functions. a, Sequence alignment of GSDMB
isoforms. Domain annotationis shownontop of the sequences. The exon
6and 7 regions are labeled and highlighted by black boxes. GZMA cleavage site
Lys244 (numbered after GSDMB*®) is highlighted in blue background. Thessite
forinsertingaPPase-cleavage sequenceis marked by agreen arrow. Identical
residues areinred background. Numbers of starting residues are indicated
ontheleft. b, Gel-filtration chromatography analyses of complex formation
betweenIpaH7.8 and different GSDMB isoforms, along with SDS-PAGE of the

complexelution fractions. ¢, Assay of GSDMB"**in IpaH7.8 blocking of GZMA-
induced pyroptosis. Flag-lpaH7.8 (WT or C357S) was transfected into 293T cells
stably expressing GSDMB"°3; GZMA was electroporated into the cells. LDH
release-based cell death dataare means (bars) of three replicates (circles). Cell
lysates were subjected toimmunoblotting. d, 293T cells expressing different
GSDMB™ isoforms were electroporated with PPase to cleave the GSDMB™.
Morphological examination of cell pyroptosisis shown. Scale bar, 25 pm. Data
(b-d) arerepresentative of threeindependent experiments. See Supplementary
Fig.1for gelsource data.
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Extended DataFig.5|Isoform-dependent pore-formingactivity of GSDMB.  cultures were treated with the TBS media, purified PPase, or anindicated

a,Morphological assay of pyroptotic activities in different GSDMB isoforms. GSDMB" isoform protein alone or being cleaved by the PPase. d, Serial dilution
GSDMB-N domains derived from differentisoforms were ectopically expressed  oftheS. flexnericultures onthe agar plates. e, CFU counts of bacterial growth.
in293T cells.Scalebar,25um.b, ¢, Cytotoxicity of GSDMB-N domains from f,SDS-PAGE analyses of PPase cleavage of the GSDMB isoform proteins.
differentisoformsinbacteria. The N domains of indicated GSDMB isoforms g-i, Liposome-leakage assays of pore-forming activity in GSDMB-N domains
under anIPTG-inducible promoter were transformed into £. coli. b, E. coli of differentisoforms. Liposomes withindicated lipid compositions were
colonies onrepresentative agar platesin the absence or presence of IPTG. treated with purified GSDMB in the presence or absence of PPase.

¢, Bacterial colony-forming units (CFU) per transformation of indicated g, Liposome leakage was monitored by measuring DPA chelating-induced

isoforms are shownin the logarithmic form (logl10), expressed as means (bars) fluorescence of the released Tb*". h, Cleavage of GSDMB® by PPase was
ofthreereplicates (circles). d-f, Direct CFU counting assay of the bacteriocidic analyzed by SDS-PAGE. i, Assay of the pore-forming activity on the control PE
activity indifferent GSDMB isoforms. The exponential-phase S. flexneri liposomes. All dataare representative of three independent experiments.
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Extended DataFig. 6 | Preparation of GSDMB pore samples and cryo-EM
dataprocessing. a-d, Reconstitution, purification,and EM examination of
GSDMB"**pores. a, Schematic diagramillustrating reconstitutionand
extraction of GSDMB pores from the liposomes. b, Purification of GSDMB
poresby gel-filtration chromatography. The highlighted fraction containing
homogenous pores were analyzed by SDS-PAGE and also applied to negative-
stain EM examination and final cryo-EM data collection. Negative-stain EM
image of GSDMB pores (representative of three independent experiments)
isshown.Scalebar,100 nm. ¢, Cryo-EM micrograph of GSDMB pores
(representative of 7790 micrographs). Scale bar, 50 nm. d, Percentages of
GSDMB pores with C26,C27,C28,C29 and C30-fold symmetry among a total of

270,000 top-view pore particles. e, Pore size distribution for GSDMB", Inner
diameters of a total of 8,600 GSDMB"** pores on the liposomes were measured.
f, Processing of the cryo-EM dataset for GSDMB pore structure determination.
Briefly, initial 3D model reconstruction generated a correct pore-like model.
Iterative 2D and reference-guided 3D classifications were performed to select
thebest particles. A further round of 3D classification of the best particles
indicates symmetry heterogeneity in the pores; a certain class of symmetry
was chosen for final structural determination. Deep 2D classification allowed
separation of the side view particles that were combined with best top view
particles for 3D reconstruction and symmetry-imposed refinement to yield
final cryo-EM maps.
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Extended DataFig.7|Cryo-EMstructural analysis of GSDMB pore. a, Gold-
standard Fourier shell correlation (FSC) plot for the 27-fold symmetric GSDMB
pore.Horizontal dashed lines represent FSC cut-offs at 0.143.b, The cryo-EM
density map of GSDMB poreis colored based onlocal resolution estimated

using RESMAP in CryoSPARC. ¢, Validation of the cryo-EM density map. Close-up
views show GSDMB subunit model fitted into the density map at five indicated
locations.
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Extended DataFig. 8|Structural and functional analyses of GSDMB
isoforms and theirrelevance to cancer cell pyroptosis. a, Close-up view of
structures around exon-6 regioninthe GSDMB-N domain. GSDMB-N structures
inthe autoinhibited state and in the pore are overlaid, with exon-6 regions
highlighted in wheat. Relevant structural elements are labeled and crucial
residues areinsticks. b, Superimposition of IpaH7.8"**~-GSDMB*°' and
IpaH7.8'""*-GSDMB*** complex structures. Close-up view shows the IpaH7.8-
GSDMB bindinginterfacein the two complexes and binding residues are in
sticks. ¢, Sequence alignments of GSDMB"°Y and GSDMB*°*, Different residues
areinmagenta. Exon-6 sequencesareinblack background. GZMA cleavage
siteisinblue. Greenarrow marks the site for inserting the PPase sequence.
Identical residuesareinred background. Numbers of starting residuesare on
top of the sequence. d, Cleavage of GSDMB"°Y by GZMA. WT or the cleavage-
site lysine mutant of GSDMB'"** or GSDMB"" proteins were incubated with
GZMA, followed by SDS-PAGE analyses. e, Assay of pore-formingactivityin
GSDMB"®, Liposomes were treated with indicated isoforms of purified
GSDMB inthe presence of PPase. Liposome leakage was monitored by
measuring DPA chelating-induced fluorescence of released Tb**. SDS-PAGE
analyses show cleavage of GSDMB'™.f, g, Cytotoxicity of the GSDMB-N domain

ofindicatedisoforms.f, Indicated GSDMB-N domains were transfected into
293T cells and their expression was probed by immunoblotting. LDH release-
based cell death dataare means (bars) of three replicates (circles). g, Indicated
GSDMB-N domains under an IPTG-inducible promoter were transformed into
E.coli.CFUs per transformation are shown in the logarithmic form (log10) as
means (bars) of three replicates (circles). h-j, Analyses of the pyroptosis-
inducing function of GSDMB"Y. H1299 cells stably expressing an indicated
isoformwere electroporated with a fixed dose (h, i) or titratingamounts of
GZMA (j). h, Morphological examination of cell pyroptosis. Scale bar, 25 pm.
i,j, Cleavage of GSDMB was probed by immunoblotting and ATP-based cell
viability, expressed as means (bars) of three replicates (circles), is shown.

k, 1, Analyses of relative GSDMB isoform expressionin primary epithelial
cellsderived from human gastrointestinal tissues. Indicated cells were left
untreated (NT) or stimulated with IFN-y, TNF-a, or LPS. k, GSDMB expression
was examined by immunoblotting. I, TotalmRNA transcripts of GSDMB were
subjected tosequencing to quantify the differentisoforms. Data are
representative of three (d-j) or two (k, ) independent experiments. See
Supplementary Fig.1for gel source data.



Extended Data Table 1| X-ray data collection and refinement statistics

GSDMB*°!—IpaH7.8'R}

GSDMB***—IpaH7.8"R}

(PDB 8GTK) (PDB 8GTJ)

Data collection
Space group P3:21 P3;21
Cell dimensions

a, b, c(Ah) 102.73,102.73,121.32 88.34, 88.34, 335.62

a, By () 90, 90, 120 90, 90, 120
Wavelength (A) 1.00000 0.97852
Resolution (A) 47.30-3.10 (3.31-3.10) 45.15-2.70 (2.77-2.70)
Runerge (%0) 6.3 (104.6) 10.0 (87.5)
/ol 229 @2.7) 26.1(3.3)
Completeness (%) 99.9 (99.3) 99.9 (100.0)
Redundancy 14.6 (15.2) 18.4 (19.6)
Refinement
Resolution (A) 47.30-3.10 45.15-2.70
No. reflections 13,637 42916
Ruori/Rfee (%0)* 26.81/28.96 24.23/27.60
No. atoms

Protein 4,528 9,455

Water - 152
B-factors (A?)

Protein 135.72 63.37

Water - 50.16
R.m.s deviations

Bond lengths (A) 0.010 0.005

Bond angles (°) 1.308 0.739
Ramachandran plot

Favored (%) 97.44 95.71

Allowed (%) 2.56 429

Values in parentheses are for the highest-resolution shell. *, 5% of reflections are randomly selected for calculating Ry..
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Extended Data Table 2 | Cryo-EM data collection, refinement and validation statistics

GSDMB-pore
(EMD-34258)
(PDB 8GTN)
Data collection and processing
Magnification 64,000
Voltage (kV) 300
Electron exposure (e /A?) 50
Defocus range (pm) -1.0~-2.0
Pixel size (A) 1.08
Symmetry imposed C27
Initial particle images (no.) 1,990,948
Final particle images (no.) 85,337
Map resolution (A) 3.17
FSC threshold 0.143
Map resolution range (A) 2.8~8.5
Refinement
Initial model used (PDB code) 8GTJ
Model resolution (A) 3.16/3.68
FSC threshold 0.143/0.5
Map sharpening B factor (A?) -113
Model composition
Non-hydrogen atoms 48,303
Protein residues 5,859
R.m.s. deviations
Bond lengths (A) 0.003
Bond angles (°) 0.539
Validation
MolProbity score 1.82
Clashscore 15.34
Poor rotamers (%) 1.50
Ramachandran plot
Favored (%) 99.06
Allowed (%) 0.94
Disallowed (%) 0
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experimental group and the control group was statistically significant in the repetitive experiments.

Randomization  No randomization was used in this study. This is mainly a structure study and other experiments are all standard cell culture and in vitro
protein biochemical assays. Thus, it is well accepted and an established notion that randomization is not relevant to this kind of study.

Blinding No blinding was done in this study. his is mainly a structure study and other experiments are all standard cell culture and in vitro protein
biochemical assays. Thus, it is well accepted and an established notion that blinding is not relevant to this kind of study.
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Antibodies

Antibodies used Rabbit monoclonal antibodies against human GSDMB (ab215729/EPR20841), mouse GSDMD (ab219800/ EPR20859) were obtained
from Abcam and anti-Myc antibody (HX1821) was obtained from Huaxing bio Inc. Antibodies against Flag (F3165/M2) and tubulin
(T5168/ B-5-1-2) were purchased from Sigma-Aldrich. For western blot, horseradish peroxidase (HRP)-conjugated anti-mouse 1gG
(NA931/polyclonal) and HRP-conjugated anti-rabbit IgG (NA934/polyclonal) were purchased from GE Healthcare Life sciences.
Antibodies for Flag, Tubulin were used at 1:5,000 dilution, and all other primary antibodies were used at 1:1,000 dilution. All the
secondary antibodies for western blot were used at 1:5,000 dilution.
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Validation Antibodies for human GSDMB, mouse GSDMD, Myc, Flag and tubulin used to detect proteins in Western Blot, have been validated by
the corresponding manufacturers and the detailed information can be found on the manufacturers” websites. Usage of all these
primary antibodies has been well established in our laboratory after our own informal validation.

Eukaryotic cell lines

Policy information about cell lines and Sex and Gender in Research

Cell line source(s) HEK293T, OVCAR-5, HT29, and COLO 205 cells were obtained from the American Type Culture Collection (ATCC). OE19,
HCC1954, and OE33 cells were purchased from Cobioer Inc. H1299 cells (ATCC, CRL-5803) were a gift from Dr. X. Wang
(National institute of Biological Sciences, Beijing, China). SW837 cells (ATCC, CCL-235) were kindly provided by Dr. X. Zhao
(Air Force Medical University, China). NK-92Ml cells (CRL-2408) were a gift from Dr. Z. Shen (BeiGene Inc.).

Authentication Identity of the cell lines were frequently checked by their morphological features but have not been authenticated by the
short tandem repeat (STR) profiling.

Mycoplasma contamination All cell lines were tested to be mycoplasma-negative by the standard PCR method.

Commonly misidentified lines  no commonly misidentified cell lines are used in this study.
(See ICLAC register)
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