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Structural basis for GSDMB pore formation 
and its targeting by IpaH7.8

Chengliang Wang1, Sonia Shivcharan1,4, Tian Tian1,4, Skylar Wright1,4, Danyang Ma1, 
JengYih Chang2, Kunpeng Li3, Kangkang Song2, Chen Xu2, Vijay A. Rathinam1 & Jianbin Ruan1 ✉

Gasdermins (GSDMs) are pore-forming proteins that play critical roles in host defence 
through pyroptosis1,2. Among GSDMs, GSDMB is unique owing to its distinct lipid- 
binding profile and a lack of consensus on its pyroptotic potential3–7. Recently, GSDMB 
was shown to exhibit direct bactericidal activity through its pore-forming activity4. 
Shigella, an intracellular, human-adapted enteropathogen, evades this GSDMB- 
mediated host defence by secreting IpaH7.8, a virulence effector that triggers 
ubiquitination-dependent proteasomal degradation of GSDMB4. Here, we report  
the cryogenic electron microscopy structures of human GSDMB in complex with 
Shigella IpaH7.8 and the GSDMB pore. The structure of the GSDMB–IpaH7.8 complex 
identifies a motif of three negatively charged residues in GSDMB as the structural 
determinant recognized by IpaH7.8. Human, but not mouse, GSDMD contains this 
conserved motif, explaining the species specificity of IpaH7.8. The GSDMB pore 
structure shows the alternative splicing-regulated interdomain linker in GSDMB as a 
regulator of GSDMB pore formation. GSDMB isoforms with a canonical interdomain 
linker exhibit normal pyroptotic activity whereas other isoforms exhibit attenuated 
or no pyroptotic activity. Overall, this work sheds light on the molecular mechanisms 
of Shigella IpaH7.8 recognition and targeting of GSDMs and shows a structural 
determinant in GSDMB critical for its pyroptotic activity.

Gasdermin (GSDM) proteins consist of an N-terminal pore-forming 
domain (GSDM-N), a C-terminal autoinhibitory domain (GSDM-C) and 
an interdomain linker7–15. Human GSDMB has multiple splicing isoforms 
(isoforms 1–6, Q8TAX9; UniProt) varying in their interdomain linkers. 
Isoforms 1, 4 and 6 contain ‘canonical’ interdomain linkers whereas 
isoforms 2 and 3 contain truncated linkers and isoform 5 comprises only 
the C-terminal domain16. While whether GSDMB induces pyroptosis 
remains controversial, a recent study showed that GSDMB preferen-
tially targets the bacterial membrane and restricts microbial growth 
and spread directly during infection4,13. This process, however, is sub-
verted by Shigella—a highly infectious Gram-negative bacterium that 
causes acute gastroenteritis17—through its secreted effector protein, 
IpaH7.8 (ref. 4). Surprisingly, IpaH7.8 also binds GSDMD in addition to 
GSDMB. However, IpaH7.8 ubiquitinates only human, but not mouse, 
GSDMD18, which may be related to the fact that humans and non-human 
primates are the natural reservoirs for Shigella whereas mice are not19. 
The molecular mechanisms of why GSDMB functions distinctly from 
other GSDMs in inducing pyroptosis, and how GSDMB and human 
GSDMD are specifically recognized by Shigella IpaH7.8, are unknown.

Structure of the GSDMB–IpaH7.8 complex
To understand how GSDMB is recognized by Shigella IpaH7.8, we 
determined the cryogenic electron microscopy (cryo-EM) structure 

of human GSDMB (isoform 1, Q8TAX9-1) in complex with Shigella 
flexneri IpaH7.8 at an overall resolution of 3.8 Å (Extended Data Fig. 1 
and Extended Data Table 1). The structure shows a 1:1 complex with 
the IpaH7.8-LRR domain binding to GSDMB-N (Fig. 1a,b). IpaH7.8-LRR 
organizes into a slightly curved solenoid structure containing nine LRR 
motifs capped by two N-terminal α-helices (α1 and α2) and a C-terminal 
α4 helix, together with a parallel β10-strand that directly augments 
the β-sheet of LRR (Fig. 1c). The overall architecture of IpaH7.8-LRR is 
highly similar to the previously reported structures of LRR domains 
in IpaH1.4 and IpaH3 (refs. 20,21) (Fig. 1d). The density of the IpaH7.8 
C-terminal NEL domain is not visible on the map, probably due to its 
flexibility in the complex, allowing for ubiquitination of multiple lysines 
in GSDMB4 (Extended Data Fig. 1c).

GSDMB adopts an auto-inhibited conformation very similar to that of 
GSDMA3 and GSDMD7,8 (Fig. 1e). The predicted β4 strand (in reference 
to the GSDMA3 structure) was not observed in the density, whereas 
the α4 helix protrudes away from the GSDMB-N to contact GSDMB-C 
(Fig. 1e). The local resolution of GSDMB-C is relatively lower than the 
GSDMB-N/IpaH7.8-LRR core, indicating dynamics between the N- and 
C-terminal domains of GSDMB (Extended Data Fig. 1c). Despite its low 
resolution, we were able to trace the main chain of GSDMB-C, which 
adopts a bundle consisting of eight helices similar to previously deter-
mined crystal structures6 (Fig. 1e and Extended Data Fig. 2a). GSDMB 
was thought to have reduced auto-inhibition in its full-length structure 
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because of (1) its ability to bind phosphatidylinositol phosphates and 
sulfatides without cleavage and (2) its lack of a subdomain in GSDMB-C 
that is essential for interdomain interactions6,22 (Extended Data Fig. 2b). 
In our structure, GSDMB-C traps the protruded GSDMB-N α4 helix 
through a gigantic hydrophobic groove formed by helices α9, α10 and 
α12 rather than by helices α9 and α11 contributed by the subdomain in 
GSDMA3, resulting in an even larger interdomain interface in GSDMB 
(3,020 Å2 total interface area in GSDMB versus 2,745 Å2 in GSDMA3) 
(Fig. 1e,f). We speculate that full-length GSDMB might use a different 
mechanism for phospholipid binding other than cleavage.

Interactions between GSDMB and IpaH7.8
In the GSDMB–IpaH7.8 complex, six out of nine LRR motifs in IpaH7.8- 
LRR interact with GSDMB-N, resulting in a total buried surface area of 
about 1,826 Å2 between the two proteins, with key interaction areas 
divisible into two patches, I and II. LRR7–LRR9 of IpaH7.8 contact a 
short loop (α1–β1’ loop, residues 15–21) containing several negatively 
charged residues in GSDMB-N to form the first patch (I), whereas 
IpaH7.8-LRR4–6 interact with the β3 strand in the first extension 
domain (ED1)9,23 in GSDMB forming the second patch (II) (Fig. 2a).

Interface patch I is mainly mediated by polar interactions. In particu-
lar, side chains of Q185 and R186 from LRR7, Y207 and H209 from LRR8, 
and R228, N230 and S232 from LRR9 in IpaH7.8 form ten hydrogen bonds 
with E15, D17, A18 and D21 in GSDMB. Meanwhile, the positively charged 
side chains of R186 and R228 in IpaH7.8 form extra salt bridges with the 
negatively charged side chains of E15 and D21, respectively, in GSDMB 
(Fig. 2b). Interestingly, the side chains of E15 and D17 in GSDMB insert 

into two small basic pockets formed by R186 and H209 together with the 
surrounding residues in IpaH7.8 (Extended Data Fig. 3a). The two pock-
ets are approximately 10 Å apart, suggesting a potential mechanism in 
which IpaH7.8 recognizes a specific motif containing two acidic residues 
at this precise distance. Indeed, single mutations of either E15 or D17 in 
GSDMB into a reversely charged or uncharged residue significantly or 
partially reduced ubiquitination of GSDMB by IpaH7.8 in vitro (Fig. 2c).

Interaction patch II is mediated by hydrogen bonds and hydrophobic 
and Van der Waals interactions. The side chain of R125 from IpaH7.8-LRR4 
forms two hydrogen bonds with the backbone carbonyl group of E83 
and carboxylate oxygen OE1 of Q85 in GSDMB. In parallel, the side chain 
of Y165 from LRR6 forms two hydrogen bonds with the backbone amino 
group of L87 and the backbone carbonyl group of Q85 in GSDMB, and 
Y166 from LRR6 forms a hydrogen bond with the backbone carbonyl 
group of L87 in GSDMB. Additionally, residues F143, E145 and N146 in 
LRR5, and F161 and H163 in LRR6 of IpaH7.8, contact the GSDMB β3 strand 
through extensive hydrophobic and Van der Waals interactions (Fig. 2d).

Structure-based sequence alignment shows that key residues in 
both patches in IpaH7.8 are divergent in the equivalent positions in 
other IpaH family proteins (Extended Data Fig. 3b), making IpaH7.8 the 
unique member in the IpaH family that specifically targets GSDMB4,18. 
Mutations of key residues in IpaH7.8, such as R186E, H209G, R228D 
and R186E/R228D in interface patch I, and F143S, F161G/I181G, Y165A/
Y166A and Y165E/Y166E in interface patch II, all largely or completely 
abolish the ability of IpaH7.8 to ubiquitinate GSDMB (Fig. 2e). Muta-
tions of R186E/R228D and Y165E/Y166E also significantly attenuate 
the IpaH7.8-mediated ubiquitination and degradation of GSDMB in 
cells (Fig. 2f, Extended Data Fig. 3c and Supplementary Figs. 1 and 2).

IpaH7.8 does not bind mouse GSDMD
Shigella IpaH7.8 was previously shown to bind both human and mouse 
GSDMD; however, it ubiquitinates only human GSDMD18. Using iso-
thermal titration calorimetry (ITC), we characterized the interactions 
between IpaH7.8 and GSDMB/D. IpaH7.8 showed a 46-fold lower affinity 
for human GSDMD (with a dissociation constant (Kd) of 20.4 ± 1.8 μM) 
than for GSDMB (Kd = 0.44 ± 0.03 μM) (Extended Data Fig. 4a,b). Sur-
prisingly, no interaction was detected between IpaH7.8 and mouse 
GSDMD (Extended Data Fig. 4c). In agreement with their affinities, 
analytical gel filtration chromatography showed that IpaH7.8 efficiently 
comigrated with GSDMB and partially migrated with human GSDMD 
whereas it barely comigrated with mouse GSDMD (Extended Data 
Fig. 4d–f). We therefore conclude that Shigella IpaH7.8 binds human 
but not mouse GSDMD.

The structural determinant in GSDM
Substitution of a fragment near the N terminus (residues 16–21) by the 
human sequence successfully rescued IpaH7.8-mediated degradation 
of mouse GSDMD in cells18. In our complex structure, this fragment 
corresponds to the α1–β1’ loop in GSDMB in which a motif of three 
negatively charged residues (α1–β1’ motif) interacts extensively with 
IpaH7.8 (Fig. 2b). Structure-based sequence alignment showed that this 
motif is conserved in human but not mouse GSDMD (E15MD17AGGD21 
in GSDMB, E15LD17HGGD21 in human GSDMD and E15VS17GSR20GD22 in 
mouse GSDMD) (Extended Data Fig. 2b). Mouse GSDMD contains the 
conserved E15, but the second acidic residue is substituted by a serine 
(mS17). Mouse GSDMD also contains the conserved third acidic resi-
due (mD22) but has a unique arginine insertion at position 20 (mR20) 
(Extended Data Fig. 2b). Substitution of D17 with a serine may disrupt 
its interaction with Y207 and N230 in IpaH7.8 whereas the mR20 inser-
tion probably pushes the following aspartic acid (mD22) away from 
interaction with R228 in IpaH7.8 (Fig. 2b), thus blocking interactions 
between mouse GSDMD and IpaH7.8. Accordingly, a single mutation 
with an arginine insertion at position 20 (R20Ins) and a double mutation 
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cartoon, with hydrophobic residues involved in the interaction shown as sticks. 
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of D17S/R20Ins in GSDMB and human GSDMD blocked their interac-
tion with IpaH7.8 and subsequently compromised IpaH7.8-mediated 
ubiquitination (Fig. 2g and Extended Data Fig. 4g,h). On the other hand, 
replacement of the non-conserved α1–β1’ motif in mouse GSDMD with 
the corresponding GSDMB or human GSDMD residues rescued the 
ubiquitination of mouse GSDMD by IpaH7.8 (Fig. 2h).

Despite the similar structural feature, the amino acid sequence 
of β3 strands in GSDMs is highly divergent (Extended Data Fig. 4i). 
We wondered whether the β3 strand in GSDMs functions as another 
structural determinant for recognition by IpaH7.8. However, the β3 
strand in GSDMB interacts with IpaH7.8 mainly through its backbone, 
indicating a sequence-independent interaction mode. In agree-
ment with our hypothesis, mutations in the β3 strand of GSMDB did 
not affect ubiquitination (Fig. 2i). Moreover, swapping β3 strands 
among GSDMB, human GSDMD, and a mouse GSDMD mutant har-
bouring a rescue mutation (D17HG) did not affect their ubiquitina-
tion (Fig. 2j and Extended Data Fig. 4j). We therefore conclude that 
the three-negatively-charged-residue motif in the α1–β1’ loop is the 
structural determinant in GSDMs.

IpaH7.8 binding directly inhibits GSDMB
Because the β3 strand is an essential element of GSDM pore 
formation8,9,23, we then tested whether the binding of IpaH7.8 to 

this strand directly inhibits GSDMB pore formation. As expected, 
granzyme A (GZMA)-cleaved GSDMB caused a rapid leakage of 
6-carboxyfluorescein (6-FAM) dye from liposomes containing car-
diolipin (CL)4 (Fig. 3a), indicating the formation of GSDMB pore. 
This GSDMB-induced liposome leakage was largely inhibited in the 
presence of IpaH7.8, whereas no significant inhibition was observed 
when GSDMB was incubated with IpaH7.8Y165E/Y166E or IpaH7.8R228D/R186E, 
two IpaH7.8 mutants that no longer interact with GSDMB (Fig. 3a and 
Extended Data Fig. 5a). IpaH7.8C357A, a catalytically inactive mutant 
that still binds GSDMB4,18, also attenuated GSDMB-induced liposome 
leakage (Fig. 3a). Concentration titration further demonstrated that 
IpaH7.8 inhibited the activity of GSDMB in a dose-dependent manner, 
with a half-maximal inhibitory concentration (IC50) of 1.46 ± 0.11 μM 
(Fig. 3b and Extended Data Fig. 5b). IpaH7.8 did not affect the cleavage 
of GSDMB, but directly inhibited the binding of GSDMB-N to liposomes 
(Extended Data Fig. 5c). Interestingly, IpaH7.8 did not inhibit liposome 
leakage caused by caspase-11-cleaved human GSDMD (Extended Data 
Fig. 5d). The association of human GSDMD-N with liposomes was inhib-
ited only by very high concentrations of IpaH7.8 (Extended Data Fig. 5e).

Because GSDMB possesses direct microbiocidal activity by recogni-
tion of specific phospholipids on the bacterial membrane4, we then 
examined whether IpaH7.8 directly inhibits the antibacterial activity 
of GSDMB. We found that about 50% of Escherichia coli DH5α was killed 
when exposed to GZMA-cleaved GSDMB, whereas bacterial viability 
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was significantly rescued by the addition of wild-type (WT) IpaH7.8 
but not by mutants IpaH7.8Y165E/Y166E and IpaH7.8R186E/R228D. Full-length 
GSDMB or IpaH7.8 alone showed no effect on bacterial growth (Fig. 3c). 
These observations suggest that IpaH7.8 is a direct inhibitor of GSDMB.

Direct inhibition by ubiquitination
IpaH7.8-mediated ubiquitination itself was insufficient to prevent 
GSDMD from associating with membranes18 (Extended Data Fig. 5f). 
The inhibition of GSDMD-mediated pyroptosis by IpaH7.8 relies on 
subsequent proteasomal degradation18. Consistent with this report, 
our liposome leakage assay showed an activity of ubiquitinated human 
GSDMD comparable to non-ubiquitinated (Extended Data Fig. 5g). 
Unexpectedly, however, ubiquitinated GSDMB almost completely lost 
its ability to associate with liposomes, and its pore-forming activity to 
induce liposome leakage (Fig. 3d,e).

We then wondered which lysines in GSDMB-N are responsible for 
ubiquitination-mediated inhibition of pore-forming activity. GSDMB 
contains 31 lysines with 16 in the pore-forming domain whereas 
there are only 15 lysines in human GSDMD, among which 12 are in the 
pore-forming domain. Among these lysines, K14 is unique in GSDMB 
and localizes on the C terminus of helix α1, a region involved in GSDM 
pore assembly9,23, and K43 locates near the lipid-binding interface. 
Ubiquitination of K14 and K43 may affect GSDMB-N oligomerization 
and lipid binding. K102, K177, K190 and K192 locate in the transmem-
brane region and are conserved in both GSDMB and GSDMD; however, 
they are buried further in the membrane in GSDMB than in GSDMD 

(Fig. 3f and Extended Data Fig. 6). Ubiquitination of these residues 
may affect the membrane insertion of GSDMB. To examine these pos-
sibilities experimentally, we generated a GSDMB construct with all 
lysines mutated into arginines (mutant allR), and constructs possessing 
either a single lysine (K14, K102 or K177) or two lysines (K190/K192). 
In vitro ubiquitination assay showed that all these GSDMB constructs 
triggered the activation of E3 ligase activity of IpaH7.8, indicating the 
correct folding of these mutants and their ability to bind IpaH7.8 (ref. 24)  
(Fig. 3g, poly-Ub). However, only GSDMBK177 and GSDMBK190/K192 were 
ubiquitinated by IpaH7.8 (Fig. 3g, disappearance of GSDMB-FL com-
pared with inputs). Correspondingly, the ubiquitinated GSDMBK177 
and GSDMBK190/K192 mutants showed significantly attenuated activities 
in induction of liposome leakage (Fig. 3h). Next, we mutated all three 
lysines (K177, K190 and K192) in WT GSDMB (mutant 3R) and tested 
the effect on ubiquitination and pore-forming activity. The GSDMB3R 
mutant still underwent ubiquitination by IpaH7.8, indicating the exist-
ence of other ubiquitination sites in GSDMB4,18 (Extended Data Fig. 5h). 
However, ubiquitinated GSDMB3R possessed pore-forming activity 
comparable to non-ubiquitinated (Fig. 3i). Collectively, we conclude 
that the ubiquitination of GSMDB by IpaH7.8 at K177, K190 and K192 is 
sufficient to inhibit its pore-forming activity without the requirement 
for proteasomal degradation.

GSDMB isoforms exhibit distinct activity
Despite its direct bactericidal activity4, it remains inconclusive whether 
GSDMB induces pyroptosis. We noticed that the interdomain linkers in 
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five human GSDMB isoforms (isoforms 1–4 and 6) vary in both length 
and sequence25 (Fig. 4a and Extended Data Fig. 6). The linker does not 
participate in GSDMB–IpaH7.8 interaction (Fig. 1e), and all five GSDMB 
isoforms were equally targeted by IpaH7.8 for ubiquitination and inhi-
bition (Extended Data Fig. 7a,b); neither does the linker affect GZMA 
cleavage (Extended Data Fig. 7c). Rather, the linker may play roles in 
regulation of GSDMB pore-forming activity3. Previous studies have 
shown that GSDMB isoforms 4 and 6 containing the canonical sequence 
in the interdomain linker showed strong membrane-permeabilizing 
activities both in vitro and in cells5,7, whereas isoform 2, which lacks the 
canonical sequence, does not have pyroptotic activity3. Surprisingly, 
isoform 1, also containing the canonical sequence in its interdomain 
linker, does not induce pyroptotic cell death; rather, it targets bacterial 
membranes to kill bacteria4. Consistently, we found that cells trans-
fected with the N-terminal domain of isoforms 4 or 6, but not that of 
isoforms 1, 2 or 3, exhibited marked pyroptotic cell death as compared 
with cells transfected with full-length GSDMBs (Fig. 4b and Extended 
Data Fig. 7d). Interestingly, isoform 4-mediated pyroptotic cell death 
was significantly inhibited when coexpressed with Shigella IpaH7.8. 
This inhibition was independent of the E3 ligase activity of IpaH7.8 
(Extended Data Fig. 7e,f), further confirming that IpaH7.8 binding 
had directly inhibited the pore-forming activity of GSDMB. To further 
examine the pore-forming activities of GSDMB isoforms against mam-
malian plasma membranes in vitro, we performed liposome leakage 
assay using liposomes containing 10% phosphatidylserine (PS). Our 
results showed that isoforms 4 and 6 exhibited strong permeabilizing 
activities towards PS-liposomes whereas isoforms 2 and 3 did not show 
membrane-permeabilizing activity (Fig. 4c). Similar results were also 
observed for liposomes comprising liver polar lipid extracts (Fig. 4d). 
Interestingly, isoform 1 exhibited only 20–40% of pore-forming activity 
as compared with isoforms 4 and 6 (Fig. 4c,d). The weak permeabiliz-
ing activity of GSDMB isoform 1 is probably insufficiently strong to 

overcome membrane repair efforts by cellular machinery, including 
ESCRT-III26, to induce pyroptosis, whereas it is sufficient to kill bac-
teria lacking membrane repair mechanisms, although the toxicity of 
isoform 1 to bacteria was slightly weaker than that of isoforms 4 and 6 
(Extended Data Fig. 7g). These data indicate that GSDMB isoforms vary-
ing in their interdomain linkers exhibit distinct pore-forming activities.

Cryo-EM structure of GSDMB pore
To address the question of why GSDMB isoforms exhibit distinct 
pore-forming activities, we sought to determine the cryo-EM structure 
of the GSDMB pore. Although GSDMB isoforms 1, 4 and 6 formed pores 
similar in size and shape, those of isoform 1 showed less aggregation 
than those of isoforms 4 and 6, and isoform 1 pores were seen to be 
distributed evenly on cryo-EM grids (Extended Data Fig. 8a,b). We thus 
subjected GSDMB isoform 1 to cryo-EM analysis. Three-dimensional 
(3D) classification of the collected cryo-EM dataset yielded a major class 
of GSDMB β-barrel pores, a class of rings without a β-barrel represent-
ing prepores and other classes representing GSDMB prepore–pore 
transition intermediate states9,23 (Extended Data Figs. 8c and 9a,b). 
The GSDMB pore was found to be 24–26-fold symmetric (Fig. 5a).  
3D refinement of the 24-fold symmetric pore led to a final map at 4.96 Å 
overall resolution whereas focus refinement improved local resolution 
of the globular domain to 4.48 Å (Extended Data Fig. 8c,d and Extended 
Data Table 1), allowing us to build an atomic model of the GSDMB pore 
using the structure of GSDMB in the complex of GSDMB/IpaH7.8 as a 
starting model.

The 24-fold GSDMB pore has an estimated inner diameter of 150 Å, 
outer diameter of 250 Å and height of 60 Å (Fig. 5a), very similar to 
the 27-fold GSDMA3 pore but much smaller than the 31-fold GSDMD 
pore9,23. Similar to that in GSDMA3 and GSDMD, each GSDMB pore subu-
nit comprises a globular domain (‘palm’) and two inserted β-hairpins 
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(‘fingers’) generated from residues in extension domains 1 and 2 
(ED1 and ED2, respectively) in the full-length auto-inhibited GSDMB 
(Fig. 5b and Extended Data Fig. 9c). Analysis of the GSDMB pore showed 
conserved oligomerization interfaces previously observed in both 
GSDMA3 and GSDMD9,23. GSDMB pore oligomerization is mediated 
by both the inserted β-strands in the transmembrane region and the 
cytosolic globular domains (Extended Data Fig. 9d). The interaction 
in the transmembrane region is contributed by residues running along 
the neighbouring β3 and β8 strands between the subunits (Extended 
Data Fig. 9d). The interaction in the adjacent globular domains contains 
mostly residues from helix α3 of one subunit interacting with the region 
around α2 and β11 of its neighbouring subunit (Extended Data Fig. 9d); 
and the α1 helix from one subunit juxtaposing end-on with the α1 helix 
from the next subunit through hydrogen-bonding and hydrophobic 
interactions (Extended Data Fig. 9d). These conserved interactions 
suggest a unified oligomerization mechanism in the GSDM family, 
despite their variability in the assembly stoichiometry.

The linker regulates GSDMB activity
Previous studies have identified the N-terminal α1 helix (‘thumb’, 
binding site 1 (BS1)), the β1–β2 loop with a hydrophobic tip flanked by 
positively charged residues (‘wrist’, binding site 2 (BS2)) in the GSDM 
globular domain and a positively charged lipid-binding site (binding 
site 3 (BS3)) present on the membrane-inserted β7–β8 hairpin as struc-
tural elements for lipid binding8,9,23. As expected, all three binding sites 
are conserved in GSDMB (Fig. 5c). BS1 and BS2 contain basic residues 
of R10 and K14 in the α1 helix and K43, R44 and R50 in the β1–β2 loop 
interacting with the acidic lipid head groups, and hydrophobic residues 

of F46 and F47 in the β1–β2 loop hydrophobic tip inserting into the 
lipid bilayer as a membrane anchor, whereas BS3 is mediated by basic 
residues of R174 and R195 in β7 and β8 (Fig. 5c).

We then examined the interdomain linker. In the human GSDMD 
pore, the density of the entire interdomain linker (V229–Q241) is visible 
(Extended Data Fig. 9e). The first few residues of the interdomain linker 
in GSDMD (region 1: V229–F232) are required for pore oligomerization8 
(Extended Data Figs. 6 and 9e). Mutation of the corresponding region 
in GSDMB isoforms 1 and 4 (‘AGLD’ in isoform 1 and ‘NIHF’ in isoform 4  
to ‘GGGG’, respectively) markedly compromised their pore-forming 
activities (Extended Data Fig. 9g,h), indicating a similar role of region 1 
in GSDMB. The following sequence (region 2: P233–Q241 in human 
GSDMD) in the interdomain linker was not considered a structural 
element involved in pore formation previously8,9,23. Surprisingly, the 
density of the region 2 in GSDMB pore is also visible, regardless of the 
relatively lower resolution (Extended Data Fig. 9f). We suggested that 
region 2 may be stabilized by certain interactions in the pore. Region 2 
in human GSDMD contains three basic residues with their positively 
charged side chains pointing toward the membrane, probably forming 
an extra lipid-binding site (BS4) for membrane attachment (Fig. 5d). 
The canonical interdomain linker in GSDMB also contains basic resi-
dues in region 2 (Fig. 4a and Extended Data Fig. 6). However, only one 
basic residue (R229) is structurally conserved in the GSDMB isoform 1 
pore. Due to a four-amino-acid (222AGLD225) insertion in the interdo-
main linker, the residue at the first position (P1) is replaced by a nega-
tively charged D225 (Fig. 5e). Substitution by an acidic residue at this 
position probably weakens membrane attachment by repelling the 
acidic membrane surface, thus attenuating the pore-forming activity 
of GSDMB isoform 1. The generated atomic models of other GSDMB 
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isoforms covering entire interdomain linkers, based on the structure 
of isoform 1 and with the assistance of AlphaFold prediction27, show 
that isoforms 4 and 6 are structurally conserved to human GSDMD 
and preserve all three basic residues, R225, K227 and K229 (Fig. 5f). By 
contrast, isoform 3 with a truncated interdomain linker would prob-
ably preserve the oligomerization interface but lacks the basic cluster 
for lipid binding, and isoform 2 lacks the entire interdomain linker for 
oligomerization and lipid binding. A recent study showing that GSDMB 
isoforms without exon 6, which encodes the canonical sequence in 
the interdomain linker, did not induce pyroptosis strongly supports 
our model3.

Triple mutation of R225E/K227E/K229E in the interdomain linker 
of GSDMB isoform 4 significantly compromised its activity to induce 
liposome leakage in vitro (Fig. 5g), and to mediate pyroptotic cell 
death (Fig. 5h and Extended Data Fig. 9i), confirming the critical role 
of BS4 in mediating GSDMB pore formation. Similar results were also 
observed when we mutated the corresponding residues in human 
GSDMD (Fig. 5g,h and Extended Data Fig. 9j). Collectively, we conclude 
that the interdomain linker is the key structural element regulating 
the pyroptotic activity of GSDMB isoforms, by mediation of pore oli-
gomerization and provision of an extra lipid-binding site.

Discussion
Our cryo-EM structures of the GSDMB–IpaH7.8 complex and GSDMB 
pore demonstrate the structural mechanisms underlying GSDMB 
recognition by the bacterial effector and the pyroptotic activity of 
GSDMB, respectively.

The structure of the GSDMB–IpaH7.8 complex identifies a motif 
of three negatively charged residues in the N-terminal α1–β1’ loop in 
GSDMB and human GSDMD as the structural determinant specifically 
recognized by Shigella IpaH7.8. IpaH7.8 does not bind mouse GSDMD, 
in which the α1–β1’ motif is not conserved, leading to the inability of 
Shigella to efficiently establish infection in the mouse. Previously, 
IpaH7.8 was reported to bind mouse GSDMD at an even stronger affin-
ity than human GSDMD18, which is inconsistent with our results. This 
discrepancy can be attributed to the different methods used. The micro-
scale thermophoresis method used in that previous study requires 
labelling of the protein with hydrophobic fluorescent dyes, which may 
change protein behaviour, leading to confounding results28,29. Alter-
natively, the ITC method we used here reliably measures the binding 
affinity of proteins in their native states without the requirement for 
labelling30. This is also supported by our mutagenesis experiments 
and a recent study report31.

Our study demonstrates highly efficient inhibition of GSDMB by 
IpaH7.8: binding of IpaH7.8 to GSDMB directly prevented its associa-
tion with the membrane. Moreover, the subsequent ubiquitination 
of GSDMB by IpaH7.8, when Shigella hijacks the host ubiquitination 
system, further inhibits GSDMB activity. This inhibition is mediated 
by the ubiquitination of three lysines in the second transmembrane 
hairpin of GSDMB. Ubiquitination probably affects the membrane 
insertion of GSDMB, thus inhibiting its pore-forming activity. This 
multipronged inhibition of GSDMB by IpaH7.8 endows Shigella with 
a very efficient way to escape from attack by cytotoxic lymphocytes 
and natural killer cells during infection5, promoting bacterial survival 
in the host replicative niche.

The cryo-EM structure of the GSDMB pore illustrates a unique 
interdomain linker-regulated mechanism of pore oligomerization 
and lipid binding. GSDMB is widely expressed in various cell types 
and tissues5,32,33, where its isoforms with distinct interdomain linkers 
may be differentially regulated. Such differences in the expression and 
activities of GSDMB isoforms probably represent a host strategy to 
fine-tune cell type-specific outcomes of GSDMB activation. For exam-
ple, pyroptotic GSDMB isoforms are dominant in epithelial cells and 
are responsible for elimination of the replicative niche of intracellular 

pathogens through induction of pyroptosis in infected cells, whereas 
non-pyroptotic isoform 1 may be dominant in macrophages or dendritic 
cells where it targets and kills cytosolic bacteria—rather than inducing 
pyroptosis—thus ensuring the survival of these antigen-presenting cells 
for T cell activation. Currently the cell-specific distribution, abundance 
and function of each GSDMB isoform are not well understood. Physi-
ological relevance of GSMDB isoforms to antibacterial immunity needs 
further investigation.

Both GSDMB and GSDMD are generally important in regard to innate 
immunity to bacterial pathogens. However, a pathogen such as Shigella 
interfering with GSDMB and GSDMD in humans minimizes their con-
tribution to host defence, explaining why humans are susceptible to 
Shigella whereas mice, which lack GSDMB and whose GSDMD is not sen-
sitive to IpaH7.8, exhibit resistance4,18. It’s worth noting that people with 
shigellosis usually recover in 5–7 days without needing antibiotics34, 
suggesting that GSDMB and GSDMD, although targeted by IpaH7.8, 
could still play roles in rendering Shigella infectious to humans.

In addition to bacterial infection, GSDMB is associated with various 
cancers. One recent study indicated that expression of non-pyroptotic 
isoform 2 was higher than that of other isoforms in patients with breast 
cancer3. Upregulation of isoforms 2 and 3 may promote tumorigenesis 
and metastasis, leading to poor overall patient survival, whereas high 
expression of pyroptotic isoform 4 has the opposite effect3. Consider-
ing this potential association between GSDMB isoforms and cancer 
survival, further studies are warranted to explore whether cancer cells 
exploit differential expression of GSDMB isoforms to resist attack by 
cytotoxic lymphocytes.
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Methods

Constructs and mutagenesis
The coding sequences of full-length GSDMs were cloned into a 
pET28-His-SUMO vector after the N-terminal His6-SUMO tag. In regard 
to the GSDMB construct used for cryo-EM structural determination, a 
human rhinovirus 3C protease (3C) site (LEVLFQ/GP) was inserted after 
residue K239. The coding sequence of S. flexneri IpaH7.8 was cloned into 
a pET26b vector with a C-terminal 6XHis tag, and cloned into pET22b 
vector without an affinity tag for coexpression with GSDMB. Caspase-11 
(96–373) was cloned into a pET22b vector to purify the active form 
of the p20–p10 complex. For the cellular experiments, GSDMs (full 
length) and GSDM-N were cloned into a pcDNA3.1 vector in which a 
FLAG-tag was fused at the C terminus while IpaH7.8 was inserted into 
a pCMV-HA vector, resulting in a fusion protein with an N-terminal 
HA tag. All mutations in this study were introduced using either the 
QuikChange Site-Directed Mutagenesis Kit (Stratagene) or Gibson 
Assembly Master Mix (New England BioLabs), and all plasmids were 
verified by sequencing.

Protein expression and purification
To obtain the GSDMB–IpaH7.8 complex, E. coli BL21 (DE3) cells har-
bouring the expression plasmids of pET28-His-SUMO-GSDMB and 
pET22b-IpaH7.8 were grown in lysogeny broth medium supplemented 
with 50 μg ml–1 kanamycin and 100 μg ml–1 ampicillin at 37 °C. Pro-
tein expression was induced by the addition of 0.5 mM isopropyl β-D-
1-thiogalactopyranoside at 20 °C for 16 h when optical density (OD600) 
reached 0.8. Cells were collected by centrifugation at 5,000g for 20 min. 
Harvested cells were lysed by sonication in a buffer containing 25 mM 
Tris-HCl pH 8.0, 150 mM NaCl, 2 mM β-mercaptoethanol and 25 mM 
imidazole. Lysates were centrifuged at 18,000g and 4 °C for 30 min to 
remove insoluble fractions. Supernatants containing recombinant 
proteins were purified using Ni-NTA agarose (Qiagen) according to the 
manufacturer’s instructions. His6-SUMO tag removal was performed 
on a Ni-NTA column at 4 °C overnight with the addition of the recom-
binant Ulp1. Flowthrough non-tagged proteins were further purified 
using a Hitrap Q HP ion-exchange column (Cytiva), then a Superdex 
Increase 200 (10/300) size-exclusion column (Cytiva) in a buffer con-
taining 25 mM HEPES pH 7.5 and 150 mM NaCl. All purified proteins 
were confirmed by Coomassie blue staining of SDS–PAGE.

Similar protocols were applied for the expression and purification 
of all individual GSDMs, IpaH7.8 and their mutants, except that the 
His6-SUMO tag was retained for GSDMs used in the in vitro ubiquitina-
tion assay. All purified proteins were concentrated to approximately 
5–10 mg ml–1 before use.

The GZMA plasmid pET26b-GZMA was a kind gift from J. Lieberman35. 
The plasmids of E1 (pET21d-hUbE1), E2 (pET15-hUbE2D2) and ubiq-
uitin (pET15-Ub) were kind gifts from C. Wolberger, W. Harper and  
R. Klevit, respectively36–38. Expression and purification followed previ-
ous protocols.

In vitro ubiquitination activity assay
In vitro ubiquitination reactions were performed in buffer A (25 mM 
HEPES pH 7.5, 50 mM NaCl, 0.1 mM DTT, 10 mM MgCl2 and 5 mM ATP). 
Components were mixed as indicated at concentrations of 0.4 μM 
E1 (human UbE1), 2 μM E2 (human UbE2D2), 10 μM E3 (IpaH7.8WT or 
IpaH7.8C357A mutant), 200 μM ubiquitin and 10 μM GSDM (WT or indi-
cated mutants). Reactions were incubated at 37 °C for 2 h and stopped 
by the addition of SDS–PAGE loading dye, followed by boiling for 5 min 
before electrophoresis. Ubiquitination was evaluated by Coomassie 
blue staining of SDS–PAGE.

Liposome leakage assay
The liposome leakage assay was performed following an established 
protocol9. Briefly, 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine 

and PS or CL (Avanti Polar Lipids) were mixed at the indicated ratio in 
a glass tube. The solvent chloroform was evaporated under a stream 
of nitrogen gas for 30 min. The dry lipid film was then rehydrated 
with buffer B (25 mM HEPES pH 7.5, 150 mM NaCl) supplemented with 
50 mM 6-FAM (Tokyo Chemical Industry). 6-FAM-loaded liposomes 
were then extruded through a 1 μm membrane (Whatman Nuclepore) 
using a mini-extruder (Avanti Polar Lipids). To remove unencapsu-
lated 6-FAM, extruded liposomes were subjected to a PD-10 desalting 
column (Cytiva) equilibrated with buffer B. For the liposome leakage 
assay, liposomes were incubated with proteins of GSDMB/D and/or 
IpaH7.8 with or without activating enzymes (GZMA for GSDMB and 
caspase-11p10/p20 for GSDMD). Reactions were performed on a 384-well 
plate, with release of 6-FAM dye monitored by fluorescence at 517 nm 
using a SpectraMax M5 plate reader (Molecular Devices) with excita-
tion at 495 nm for 60 min at 1 min intervals.

Liposome pulldown assay
Liposomes were prepared as described above, except that fluorescent 
dye was not used. Liposomes were incubated with GSDMB/D proteins 
in/without the presence of IpaH7.8 at various molar ratios with or with-
out activating enzymes. Mixtures were incubated for 30 min at 4 °C 
before sedimentation at 20,000g for 30 min at 4 °C. Supernatants were 
transferred immediately to new tubes and pellets were washed twice 
with buffer B, then resuspended in an equal volume of buffer. Proteins 
in both pellets and supernatant were then analysed by Coomassie blue 
staining of SDS–PAGE.

ITC assay
Protein concentrations of non-tagged GSDMs and IpaH7.8 were meas-
ured in triplicate using a NanoDrop One Microvolume UV-Vis Spec-
trophotometer (Thermo Fisher Scientific) based on their extinction 
coefficients. Isothermal titration calorimetry measurements were 
performed at 20 °C using a VP-ITC microcalorimeter (MicroCal). Experi-
ments were performed by the injection of 250 μl of IpaH7.8 solution 
(200 μM) into a sample cell containing 2 ml of GSDMB (10 μM) in 25 mM 
Tris-HCl pH 8.0 and 150 mM NaCl. In total, 25 injections were admin-
istered at 300 s intervals. In regard to human GSDMD (hGSDMD) and 
mouse GSDMD (mGSDMD), 250 μl of IpaH7.8 solution (625 μM) was 
titrated into a sample cell containing 2 ml of either hGSDMD (40 μM) 
or mGSDMD (40 μM). All ITC data were analysed using Origin Software 
provided by the manufacturer and fitted to a one-site binding model.

Cell culture and transfection
The 293T cells were obtained from the American Type Culture Col-
lection and were frequently checked in regard to their morphologi-
cal features and functionalities. Cells were grown in DMEM (Gibco) 
supplemented with 10% (v/v) fetal bovine serum (Gibco) and 2 mM 
l-glutamine at 37 °C in a 5% CO2 incubator. Transient transfection in 
293T cells was performed using Lipofectamine 3000 (Thermo Fisher 
Scientific) following the manufacturers’ instructions.

Immunoprecipitation assays
For detection of GSDMB ubiquitination in cells, pcDNA-FLAG-GSDMB 
(isoform 1) was cotransfected with pCMV-HA-IpaH7.8 (WT or indicated 
mutants) into HEK293T cells in a 10 cm tissue culture dish. Eight hours 
after transfection, a final concentration of 10 μM bortezomib (Sigma 
Aldrich) was added to the cell culture to reduce proteasome-mediated 
protein degradation. After a further 8 h, cells were collected and lysed in 
25 mM Tris-HCl pH 7.5, 150 mM NaCl, 0.5% NP-40 and 1× protease inhibi-
tor cocktail (Sigma Aldrich). Lysate was added to 25 μl of Anti-FLAG 
M2 Magnetic Beads (Sigma Aldrich, no. M8823) and incubated at 4 °C 
for 3 h with gentle rotation. Beads were washed three times with PBS 
buffer then eluted with 50 μl of PBS buffer containing 100 μg ml–1 FLAG 
peptide (Sigma Aldrich, no. F3290). Eluted samples were boiled with an 
equal volume of 2× SDS Loading buffer (Bio-Rad) then processed for 



immunoblotting with one of the following antibodies: anti-FLAG (Sigma 
Aldrich, no. F1804, 1:1,000), anti-actin (Cell Signaling Technology, no. 
3700S, 1:1,000), anti-HA (Cell Signaling Technology, no. 3724S, 1:1,000) 
or anti-ubiquitin (Thermo Fisher Scientific, no. PA3-16717, 1:1,000).

Cellular degradation assay
One each of plasmids pcDNA-FLAG-GSDMB and pcDNA-FLAG-GSDMD 
(250 ng) (WT or indicated mutants) was cotransfected with 500 ng of 
the pCMV-HA-IpaH7.8 plasmid into HEK293T cells seeded in a 12-well 
plate at 1.5 × 105 cells per well. After 40 h cells were lysed in RIPA buffer 
(Thermo Fisher Scientific), added to an equal volume of 2× SDS Loading 
buffer (Bio-Rad) and processed for immunoblotting.

Cytotoxicity assay
Cell death was determined by Hoechst/PI double-staining assay: 
150 ng of the indicated pcDNA-FLAG-GSDMB construct or 75 ng of 
pcDNA-FLAG-GSDMD plasmid (FL, NT or indicated mutants) was trans-
fected into HEK293T cells seeded in a 96-well plate at 2 × 104 cells per 
well. For IpaH7.8 inhibition, pcDNA-FLAG-GSDMB-NT (isoform 4) was 
cotransfected with 200 ng of the pCMV-HA-IpaH7.8 plasmid (WT or 
C357A). Transfected cells were then cultured for up to 40 h. At the start 
of the assay, cells were stained with 30 μM PI (Sigma Aldrich) for 10 min 
followed by 15 μM Hoechst 33342 (Thermo Fisher Scientific) for 15 min at 
37 °C in the dark. Afterwards, cells were visualized using a ZOE Fluores-
cent Cell Imager (Bio-Rad). Cell death was quantified and expressed as the 
percentage of PI-positive cells among total cells (Hoechst-stained cells).

Bacterial growth inhibition assay
Escherichia coli DH5α was grown overnight in BHI medium, then diluted 
the following day at 1:100 in BHI and grown for a further 2 h at 37 °C until 
exponential phase. Next, 1 ml of the bacterial culture was collected with 
centrifugation at 5,000g for 2 min and resuspended in buffer B to a final 
bacterial cell density of 5 × 108 ml–1. For the killing assay, 5 μl of bacteria 
was added to a 15 μl reaction containing 10 μM full-length GSDMB in the 
absence or presence of GZMA. Reactions were performed at 37 °C for 2 h. 
After incubation, 5 μl of treated bacteria was seeded into 200 μl of BHI in 
flat-bottomed, 96-well plates. Bacterial growth was monitored by read-
ing absorbance at 600 nm over 6 h using a SpectraMax M5 plate reader 
(Molecular Devices). Numbers of recovered colony-forming units (CFUs) 
were calculated by normalization of the OD600 of treated bacteria (with 
GZMA in reactions) to untreated bacteria (buffer or without GZMA).

GSDMB pore reconstitution and purification
Purified GSDMB isoform 1 was added to the prepared liposomes, fol-
lowed by the addition of 3C protease to initiate pore formation. The reac-
tion proceeded on ice for 3 h. Liposomes loaded with GSDMB pore were 
solubilized by 2% C12E8 (Anatrace) to extract pores. To remove poorly 
behaving particles and GSDMB-C, samples were further purified using a 
Superose 6 (10/300) Increase size-exclusion column (Cytiva) equilibrated 
with buffer B (25 mM HEPES pH 7.5, 150 mM NaCl and 0.006% C12E8).

Negative-staining electron microscopy
For negative staining, 10 μl of the GSDMB–IpaH7.8 complex or GSDMB 
pore was applied to a glow-discharged, carbon-coated copper grid 
(Electron Microscopy Sciences). The sample was incubated on the grid 
for 1 min, stained with 1% uranyl acetate for 1 min and blotted dry. Grids 
were imaged on a Hitachi H-7650 transmission electron microscope 
equipped with a 2k CCD camera (Advanced Microscopy Techniques) 
at the UCONN Health Electron Microscopy Facility.

Cryo-EM grid preparation and data acquisition
For the GSDMB–IpaH7.8 complex, 3.5 μl of freshly purified sample at 
0.5 mg ml–1 was applied to plasma glow-discharged, Quantifoil holey 
copper grids (R 1.2/1.3, 400 mesh, Electron Microscopy Sciences) using 
a Vitrobot Mark IV (Thermo Fisher Scientific) set at blotting force 4, 

blotting time 5.5 s, 100% humidity and 4 °C. Blotted grids were imme-
diately plunged into liquid ethane and transferred to liquid nitrogen 
for storage. One cryo-EM dataset was collected at the Case Western 
Reserve University cryo-EM facility on a Titan Krios electron micro-
scope (Thermo Fisher Scientific) equipped with a K3 Summit direct 
electron detector (Gatan) and a post-column energy filter (Gatan) in 
counting mode using serialEM. A total of 3,128 movies were recorded at 
defocus values ranging from −0.8 to −2.5 μm at magnification ×105,000 
and pixel size 0.414 Å. For each movie, 58 frames were acquired over 
5.25 s at an approximate total dose of 66.95 e− Å–2.

For GSDMB pores, detergent-solubilized GSDMB pores were con-
centrated to 0.6 mg ml–1 then frozen onto Quantifoil holey copper 
grids coated with ultrathin carbon film (R 1.2/1.3, 400 mesh, Electron 
Microscopy Sciences). Briefly, a 3 μl drop of GSDMB pore sample was 
applied to a plasma glow-discharged lacey carbon grid mounted on 
a Vitrobot. The grid was then blotted with filter paper for 6 s at blot-
ting force 10 after a waiting time of 2 s. Humidity and temperature in 
the Vitrobot were set to 100% and 4 °C, respectively, throughout the 
operation. The blotted grid was then plunged into liquid ethane and 
transferred to liquid nitrogen for storage. The cryo-EM dataset was 
collected at the cryo-EM facility at the University of Massachusetts 
Chan Medical School on a Titan Krios electron microscope (Thermo 
Fisher Scientific) equipped with a K3 Summit direct electron detector 
(Gatan) and a post-column energy filter (Gatan). A total of 6,376 mov-
ies were collected in counting mode, each containing 50 frames and 
a total exposure dose of 50 e–1 Å–2. Magnification was set to 105,000, 
pixel size was 0.83 Å and defocus range −1.0 to −2.0 μm.

Cryo-EM image processing
Raw movies were corrected by gain reference and for beam-induced 
motion and summed into motion-corrected images using MotionCor2 
(ref. 39). CTF parameters were determined using CTFFind4 (ref. 40) and 
refined later in cryoSPARC41.

For the GSDMB–IpaH7.8 complex, after particle picking using the 
general model in crYOLO42 the coordinates (1,522,742 particles in total) 
were transferred to cryoSPARC for subsequent processing. Several 
rounds of 2D classification were performed to eliminate ice, carbon 
edges and false-positive particles containing noise. Frequently featured 
classes containing 307,276 particles were selected and subjected to ab 
initio 3D reconstruction followed by heterogeneous refinement. The 
optimal class, containing 113,959 particles, was selected for homog-
enous and non-uniform refinement43. Resolution of the final electron 
density map was estimated at 3.8 Å, based on the gold-standard Fourier 
shell correlation (FSC) criterion of 0.143 (ref. 44). The local resolution 
distribution of the map was determined by ResMap45. The density map 
sharpened in cryoSPARC was used to produce figures.

For GSDMB pores, a total of 692,212 particles were initially extracted 
by both manual and automated particle picking in cryoSPARC. 
Two-dimensional classification was performed in cryoSPARC to elimi-
nate ice, carbon edges and false-positive particles containing noise. 
After 2D classification, 156,037 particles were imported into Relion-4.0 
for 3D classification with an initial model generated de novo in cry-
oSPARC using the same particle set. C1 symmetry was used for the first 
round of 3D classification; 3D classes with relatively clear features of 
C24 symmetry were selected for an extra round of 3D classification with 
C24 symmetry to discard bad particles. Next, 41,799 particles from the 
3D class with optimal resolution were imported back to cryoSPARC 
for non-uniform refinement. With C24 symmetry, the resolution of 
the GSDMB pore map was 4.96 Å as measured by gold-standard FSC 
of 0.143. Focus refinement with a mask excluding the β-barrel region 
improved local resolution of the GSDMB globular domain to 4.48 Å.

Model building and structure analysis
Atomic models of both the IpaH7.8–GSDMB complex and GSDMB pore 
were built and refined into cryo-EM density using Coot46 and PHENIX47. 
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For the IpaH7.8–GSDMB complex, AlphaFold2-predicted structures 
of IpaH7.8 and GSDMB were used as starting models27. Models of 
IpaH7.8 and GSDMB were docked into EM density as a rigid body in 
UCSF Chimera48 then manually adjusted in Coot. The structural model 
of the complex was further refined using ‘phenix.real_space_refine’, 
with secondary structure restraints and Coot iteratively. The qual-
ity of the atomic model was evaluated by Molprobity49. For GSDMB 
pores, the structure of GSDMB in the IpaH7.8–GSDMB complex was 
used as a starting model. A similar procedure was then performed 
for further adjustment and refinement. Figures were prepared using 
PyMOL (Schrödinger) and UCSF Chimera.

Reporting summary
Further information on research design is available in the Nature Port-
folio Reporting Summary linked to this article.

Data availability
The atomic coordinates of the GSDMB–IpaH7.8 complex, GSDMB pores 
and GSDMB pores without the β-barrel have been deposited in the 
Protein Data Bank (PDB) under accession nos. 8EFP, 8ET2 and 8ET1, 
respectively. The associated cryo-EM density maps have been deposited 
in the Electron Microscopy Data Bank under accession nos. EMD-28087, 
EMD-28584 and EMD-28583, respectively. All other data are available 
from the corresponding author on reasonable request. Several struc-
tural coordinates in the PDB database used in this study can be located 
by accession nos. 6CB8, 5B5R, 6N9O, 6N9N, 6VFE, 7V8H and 3CVR.
 
35. Beresford, P. J., Kam, C. M., Powers, J. C. & Lieberman, J. Recombinant human granzyme  

A binds to two putative HLA-associated proteins and cleaves one of them. Proc. Natl Acad. 
Sci. USA 94, 9285–9290 (1997).

36. Brzovic, P. S., Lissounov, A., Christensen, D. E., Hoyt, D. W. & Klevit, R. E. A UbcH5/ubiquitin 
noncovalent complex is required for processive BRCA1-directed ubiquitination. Mol. Cell 
21, 873–880 (2006).

37. Jin, J., Li, X., Gygi, S. P. & Harper, J. W. Dual E1 activation systems for ubiquitin differentially 
regulate E2 enzyme charging. Nature 447, 1135–1138 (2007).

38. Berndsen, C. E. & Wolberger, C. A spectrophotometric assay for conjugation of ubiquitin 
and ubiquitin-like proteins. Anal. Biochem. 418, 102–110 (2011).

39. Zheng, S. Q. et al. MotionCor2: anisotropic correction of beam-induced motion for 
improved cryo-electron microscopy. Nat. Methods 14, 331–332 (2017).

40. Rohou, A. & Grigorieff, N. CTFFIND4: fast and accurate defocus estimation from electron 
micrographs. J. Struct. Biol. 192, 216–221 (2015).

41. Punjani, A., Rubinstein, J. L., Fleet, D. J. & Brubaker, M. A. cryoSPARC: algorithms for rapid 
unsupervised cryo-EM structure determination. Nat. Methods 14, 290–296 (2017).

42. Wagner, T. et al. SPHIRE-crYOLO is a fast and accurate fully automated particle picker for 
cryo-EM. Commun. Biol. 2, 218 (2019).

43. Punjani, A., Zhang, H. & Fleet, D. J. Non-uniform refinement: adaptive regularization 
improves single-particle cryo-EM reconstruction. Nat. Methods 17, 1214–1221 (2020).

44. Scheres, S. H. & Chen, S. Prevention of overfitting in cryo-EM structure determination. 
Nat. Methods 9, 853–854 (2012).

45. Kucukelbir, A., Sigworth, F. J. & Tagare, H. D. Quantifying the local resolution of cryo-EM 
density maps. Nat. Methods 11, 63–65 (2014).

46. Emsley, P., Lohkamp, B., Scott, W. G. & Cowtan, K. Features and development of Coot. 
Acta Crystallogr. D Biol. Crystallogr. 66, 486–501 (2010).

47. Adams, P. D. et al. PHENIX: a comprehensive Python-based system for macromolecular 
structure solution. Acta Crystallogr. D Biol. Crystallogr. 66, 213–221 (2010).

48. Pettersen, E. F. et al. UCSF Chimera—a visualization system for exploratory research and 
analysis. J. Comput. Chem. 25, 1605–1612 (2004).

49. Chen, V. B. et al. MolProbity: all-atom structure validation for macromolecular 
crystallography. Acta Crystallogr. D Biol. Crystallogr. 66, 12–21 (2010).

Acknowledgements We thank S. Dou (QuintaraCT, Inc.), X. Li and Y. Wang for discussions. This 
work was supported by the UConn Health Start-up Fund and the US National Institutes of 
Health (grant nos. R01AI158435 to J.R. and R01AI119015 to V.A.R.).

Author contributions J.R. and C.W. conceived the study. C.W., T.T. and D.M. expressed and 
purified proteins. C.W. reconstituted GSDMB pores. C.W. screened grids and collected cryo-EM 
data, assisted by J.C., K.L., K.S. and C.X. C.W. and J.R. determined cryo-EM structures. C.W. and 
J.R. performed biochemical experiments. S.S., T.T., S.W. and C.W. performed cellular experiments. 
J.R. and V.A.R. supervised the project. All authors organized and analysed data. J.R. and C.W. 
wrote the paper, with input from all authors.

Competing interests The authors declare no competing interests.

Additional information
Supplementary information The online version contains supplementary material available at 
https://doi.org/10.1038/s41586-023-05832-z.
Correspondence and requests for materials should be addressed to Jianbin Ruan.
Peer review information Nature thanks the anonymous reviewers for their contribution to the 
peer review of this work. Peer reviewer reports are available.
Reprints and permissions information is available at http://www.nature.com/reprints.

https://doi.org/10.2210/pdb8EFP/pdb
https://doi.org/10.2210/pdb8ET2/pdb
https://doi.org/10.2210/pdb8ET1/pdb
http://www.ebi.ac.uk/pdbe/entry/emdb/EMD-28087
http://www.ebi.ac.uk/pdbe/entry/emdb/EMD-28584
http://www.ebi.ac.uk/pdbe/entry/emdb/EMD-28583
https://doi.org/10.2210/pdb6CB8/pdb
https://doi.org/10.2210/pdb5B5R/pdb
https://doi.org/10.2210/pdb6N9O/pdb
https://doi.org/10.2210/pdb6N9N/pdb
https://doi.org/10.2210/pdb6VFE/pdb
https://doi.org/10.2210/pdb7V8H/pdb
https://doi.org/10.2210/pdb3CVR/pdb
https://doi.org/10.1038/s41586-023-05832-z
http://www.nature.com/reprints


Extended Data Fig. 1 | Cryo-EM structural determination of GSDMB-IpaH7.8 
complex. a, Gel filtration profile and Coomassie blue-stained SDS-PAGE of the 
GSDMB-IpaH7.8 complex. Results representative of more than 3 independent 
experiments. b, A brief flow chart of single-particle cryo-EM data collection 
and process. c, Cryo-EM map (Upper panel) and local resolution estimation 

(lower panel) of the GSDMB-IpaH7.8 complex calculated using ResMap.  
The highest resolution is observed at the IpaH7.8-LRR domain and GSDMB-N 
domain. GSDMB-C exhibits relatively low resolution. d, The gold-standard 
Fourier shell correlation (FSC) curve for the overall map and model-to-map 
correlations of the GSDMB-IpaH7.8 complex.
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Extended Data Fig. 2 | Cryo-EM structure of IpaH7.8-GSDMB complex.  
a, Structural comparison of GSDMB-C in the IpaH7.8-GSDMB complex and the 
reported crystal structure (PDB: 5TJ2). Colors are ramped from blue at the N 
terminus to red at the C terminus. b, Structure-based sequence alignment of 
human GSDMs and mouse GSDMD. Previously reported crystal structures of 
hGSDMD (PDB: 6N9O) and mGSDMD (PDB: 6N9N), and AlphaFold2 predicted 
structures of human GSDMA (hGSDMA), human GSDMC (hGSDMC), and 

human GSDME (hGSDME) are aligned against GSDMB using PROMALS3D. 
Secondary structural elements of GSDMB are indicated above the sequence. 
The interdomain linker and the C-terminal subdomain are also indicated. The 
two structural elements interacting with IpaH7.8 are marked by red and green 
boxes, respectively. The three negatively charged residues in the α1-β’ loop are 
indicated by red dots, and the arginine insertion (mR20) in mouse GSDMD is 
indicated by a blue triangle.
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Extended Data Fig. 3 | Interactions between GSDMB and IpaH7.8. a, A close-up 
view of Interaction Patch I in the GSDMB-IpaH7.8 complex. GSDMB is shown as 
a ribbon diagram. Two negatively charged residues are shown as sticks. IpaH7.8 
is shown as electrostatic potentials. The distance between the two small basic 
pockets formed by R186 and H209 and the surrounding residues in IpaH7.8 is 
labeled. b, Sequence alignment of the LRR domains of Shigella IpaHs. Secondary 

structural elements are indicated above the sequence. Universally conserved 
residues are marked with red shade, and partially conserved residues are 
colored red. Residues involved in Interface Patch II and I are indicated by  
red dots and green triangles, respectively. c, Immunoblots of 293T cells 
co-transfected with FLAG-tagged GSDMB and HA-IpaH7.8 (WT or indicated 
mutants). Results representative of 3 independent experiments.
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Extended Data Fig. 4 | See next page for caption.



Extended Data Fig. 4 | The three-negatively-charged-residue motif is the 
structural determinant in GSDM recognized by IpaH7.8. a—c, ITC-based 
measurement of the binding affinities of IpaH7.8 with GSDMB (a), human 
(hGSDMD) (b), and mouse GSDMD (mGSDMD) (c), respectively. Kd, dissociation 
constant; N, the stoichiometry of the complex. DP, differential power measured 
by the ITC machine; ΔH, heat change measured by the ITC machine. The mean ± 
SD is shown (n = 3). d—f, Gel filtration profiles and Coomassie blue-stained SDS-
PAGEs of IpaH7.8 incubated with GSDMB (d), human GSDMD (hGSDMD) (e), or 
mouse GSDMD (mGSDMD) (f). Results representative of more than 3 independent 
experiments. g,h, Gel filtration profiles IpaH7.8 incubated with GSDMB- (g) or 
human GSDMD-D17S/R20Ins (h) mutants, respectively. Results representative 
of 3 independent experiments. i, A close-up view of the interface between 

IpaH7.8 and GSDMs. Structures of human GSDMA (hGSDMA; AlphaFold2 
predicted), human GSDMC (hGSDMC; AlphaFold2 predicted), human GSDMD 
(PDB: 6N9O), human GSDME (hGSDME; AlphaFold2 predicted), and mouse 
GSDMD (PDB: 6N9N) are superposed onto GSDMB in the structure of GSDMB-
IpaH7.8 complex. The amino acid sequences of the β3 strand interacting with 
IpaH7.8 from each GSDM are shown. j, Coomassie blue-stained SDS-PAGE of 
in vitro ubiquitination of human and mouse GSDMD (WT and indicated 
mutants). mβ3, replaces the β3 strand in human GSDMD with the corresponding 
mouse sequence. GSDMBβ3, replaces the β3 strand in mouse GSDMD with the 
corresponding GSDMB sequence. Mutations did not alter the ubiquitination 
in vitro. Results representative of 3 independent experiments.
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Extended Data Fig. 5 | IpaH7.8 inhibits GSDMB pore formation. a, Gel 
filtration profiles indicate no interaction between GSDMB and IpaH7.8-Y165E/
Y166E mutant, or IpaH7.8-R186E/R228D mutant. Results representative of 
more than 3 independent experiments. b, The ability of GSDMB to induce 
liposome leakage when incubated with IpaH7.8 (WT) at different doses. Each 
dot represents the mean ± SD of 3 technical replicates. c, GSDMB association 
with CL-liposomes in the presence of IpaH7.8 in a liposome sedimentation 
assay. FL: full-length; N: N-terminal domain; and C: C-terminal domain. SDS-PAGEs 
were stained with Coomassie blue. Results representative of 3 independent 
experiments. d, The ability of human GSDMD to induce liposome leakage of 
CL-liposomes in the presence of IpaH7.8 at different doses. Each dot represents 
the mean ± SD of 3 technical replicates. e, Liposome sedimentation assay 

showing the association of human GSDMD with CL-liposomes in the presence 
of IpaH7.8. Results representative of 3 independent experiments. f, Liposome 
sedimentation assays show the association of ubiquitinated- or non-ubiquitinated 
human GSDMD with CL-liposomes. Results representative of 3 independent 
experiments. g, Liposome leakage assays show the effect of ubiquitination in 
inhibiting pore-forming activities of human GSDMD. The data were normalized 
with the fluorescence observed after adding detergent, and setting at zero of 
the fluorescence right before protein addition. Each dot represents the mean ± SD 
of 3 technical replicates. h, In vitro ubiquitination of GSDMB mutants with 
lysines mutated into arginines. 3R, with K177, K192, and K192 mutated into 
arginines in GSDMB. SDS-PAGEs were stained with Coomassie blue. Results 
representative of 3 independent experiments.



Extended Data Fig. 6 | Structure-based sequence alignment of GSDMB and 
human GSDMD in their pore confirmation. Secondary structural elements of 
GSDMB and human GSDMD (PDB: 6VFE) are indicated above and below the 
sequence, respectively. The two transmembrane hairpins are highlighted  
in orange boxes. All lysines in both GSDMB and human GSDMD are colored  
blue. Lysines predicted to be involved in pore-formation and screened for 

ubiquitination in our study are highlighted in blue boxes. The “canonical” 
sequence in the GSDMB interdomain linker is highlighted in a green box.  
The residues in the interdomain linker that may mediate pore oligomerization 
and lipid binding are highlighted in red dashed-line boxes and with blue 
background, respectively.
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Extended Data Fig. 7 | GSDMB isoforms are targeted equally by Shigella 
IpaH7.8 and GZMA. a, In vitro ubiquitination of GSDMB isoforms by Shigella 
IpaH7.8. Ubiquitination reactions terminated at 0 min by boiling with SDS-PAGE 
loading buffer were used as non-ubiquitinated negative controls. SDS-PAGE 
was stained with Coomassie blue. Results representative of 3 independent 
experiments. b, Effect of ubiquitination in inhibiting pore-forming activities of 
GSDMB isoform 6 showed by liposome leakage assay using CL-liposomes. Each 
dot represents the mean ± SD of 3 technical replicates. c, Cleavage of GSDMB 
isoforms by GZMA. 3.6 μg of GSDMB isoforms were incubated with 1 μg of 
GZMA, respectively. Cleavage was carried out by incubating the mixture at 
37 °C for 2 hours. White * indicates the GSDMB-NT. The molecular weight of 
GSDMB-NT of isoform 2 (25.9 kDa) is very close to GZMA (25.8 kDa) and cannot 
be separated on SDS-PAGE. SDS-PAGE was stained with Coomassie blue. Results 

representative of 3 independent experiments. d, Effect of GSDMB isoforms in 
inducing pyroptosis in HEK293T cells. FL: full length GSDMB; NT: N-terminal 
domain of GSDMB. Scale bar is 100 μm. Results representative of 3 independent 
experiments. e, Effect of IpaH7.8 in inhibiting GSDMB isoform 4-mediated 
pyroptotic cell death of HEK293T cells. Results representative of 3 independent 
experiments. Scale bar is 100 μm. f, Quantification of cell death in (e). Error 
bars, mean ± SD of 3 independent experiments. One-way ANOVA followed by 
Tukey’s post-hoc test compared to control of HEK293T cells transfected with 
plasmids of GSDMB-NT and empty vector. ** p < 0.005. g, Effect of GSDMB 
isoforms in inhibiting bacterial growth. Error bars, mean ± SD of 3 independent 
experiments. One-way ANOVA followed by Tukey’s post-hoc test with samples 
compared to their uncleaved controls. *, p < 0.1, ***, p < 0.001, NS: not significant.



Extended Data Fig. 8 | Cryo-EM structural determination of GSDMB pore.  
a, Representative negative stain-EM images of pores of GSDMB isoforms 4 and 
6 extracted from cardiolipin-liposomes using detergent C12E8. Scale bar: 
50 nm. Results representative of more than 3 independent experiments.  
b, A representative negative stain-EM image GSDMB isoform 1 pores solubilized 
in C12E8 (left panel) and a cryo-EM image of GSDMB isoform 1 pores collected 

on a Titan Krios microscope equipped with a K3 camera. Results representative 
of more than 3 independent experiments. Scale bar: 50 nm. c, A brief flow  
chart of single-particle cryo-EM data collection and process of GSDMB pore 
dataset. d, The gold-standard Fourier Shell Correlation curve for the half-map 
correlations of the GSDMB pore.



Article

Extended Data Fig. 9 | Structural basis for GSDMB pore formation. a, The 
gold-standard FSC curve for the GSDMB prepore. b, The cryo-EM map (left) and 
the cryo-EM map fitted with an atomic model (right) of 24-fold GSDMB prepore. 
GSDMB protomers are colored differently. GSDMB prepore doesn’t have the 
transmembrane insertion region. Red-dashed boxes indicated the missing 
transmembrane region. c, GSDMB pore β-hairpin (HPs) formation. The β3-β5 
region from the first extension domain (ED1) transforms into HP1. The β7-α4-β8 
region represents ED2 and turns into HP2. d, Two neighboring subunits in the 
GSDMB pore. Structural elements that participate in oligomerization are 
labeled and colored yellow. e,f, Cryo-EM densities of the interdomain linker  
in hGSDMD pore (e) and GSDMB pore (f) are shown, respectively. Overall 
densities are colored grey with the densities of the interdomain linkers in 
hGSDMD and GSDMB pores colored pink and magenta, respectively.  

The interdomain linkers are colored red. g, A close-up view of the interdomain 
linker Region 1 in GSDMB isoform 1. Helix α3’ form the neighboring subunit 
interacting with the interdomain linker is colored yellow. h, Effect of mutation 
of Region 1 in the interdomain linker of GSDMB isoforms 1 and 4 in inducing 
liposome (10% PS) leakage. Each dot represents the mean ± SD of 3 technical 
replicates. WT: wild type GSDMB; Region 1: mutation of Region 1 motif to 
“GGGG” in GSDMB. i, j, HEK293T cells were transiently transfected with 
indicated constructs of GSDMB isoform 4 (i) and hGSDMD ( j) for 24 h and 
stained with Hoechst 33342 and PI. FL: full length; NTWT: wild type GSDMB/ 
D-NT; NTBS4: GSDMB/D-NT harboring a triple mutation of the three basic 
residues in GSDMB isoform 4 and in hGSDMD to glutamic acids in BS4. Results 
representative of 3 independent experiments. Scale bar is 100 μm.



Extended Data Table 1 | Cryo-EM data collection, refinement and validation statistics

Cryo-EM map of GSDMB porew/o β-barrel were obtained from the map of GSDMB pore through the focus refinement with a mask excluding the transmembrane β-barrel region.
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