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1st Editorial Decision 2nd November 2017 

Thank you for submitting your manuscript to The EMBO Journal. Your study has now been seen by 
three referees and their comments are provided below.  
 
As you can see from the comments, the referees appreciate the AFM imaging of pore formation and 
the insights provided. However, they also find that the analysis has to be extended in order to 
consider publication here. They offer a number of constructive comments for how to do so.  
 
Should you be able to address the concerns raised then I would like to invite you to submit a revised 
version. I should add that it is EMBO Journal policy to allow only a single round of revision and 
that it is important to resolve the major concerns at this stage  
 
------------------------------------------------  
 
REFEREE REPORTS. 
 
Referee #1:  
 
A milestone progress in innate immune research in the past few years is the identification of 
Gasdermin-D (GSDMD) as the pyroptotic substrate of caspase-1 and caspase-11 in response various 
infectious signals. GSDMD executes pyroptosis via an intrinsic pore-forming activity in its N-
terminal domain, which claries the nature of pyroptotic cell death. GSDMD belongs to a large 
Gasdermin family that appears to share the pore-forming domain despite that their physiological 
function and activation mechanism remain largely unknown. Following these findings, it is of great 
interest in the innate immune field to understand the mechanism how GSDMD forms pores and 
disrupts the membrane. Research on this topic is also grabbing attentions from the cell death field as 
well as the big community studying the membrane pore formation processes. In the submitted 
manuscript, Mulvihill et al. dissect the pore-forming process of GSDMD on the membrane by AFM 
and provide valuable insights into the underlying mechanism of GSDMD pore formation. However, 
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there are still some concerns that need to be addressed before the manuscript can be accepted for 
publication.  
 
1) GSDMD-N domain has been shown to specifically bind to phosphoinositides and cardiolipin as 
well as phosphatidylserine. Phosphoinositides are known to be present in mammalian cell 
membrane, particularly the cytoplasmic leaflet of plasma membrane. Upon binding to 
phosphoinositides, GSDMD-N domain forms extensive pores on the membrane, disrupting the 
membrane integrity and eventually triggering cell pyroptosis. Compared with cardiolipin, 
phosphoinositides are the more physiological relevant targets of GSDMD as well as other 
Gasdermin-family members. Therefore, the authors should also exhibit the pore formation on 
membranes containing phosphoinositides. The proposed negative effect of cholesterol could also be 
tested on phosphoinositides-containing membranes. Additionally, phosphatidylserine-containing 
membrane can be assayed and the results will be of great interest to the field. These control assays 
will make the study more complete and the results obtained are more physiologically relevant.  
 
2) In the time-lapse AFM analysis that tracks the process of GSDMD-N domain oligomerization and 
pore formation, the authors showed that the heights of oligomeric GSDMD-N domain protruding 
from the membrane surface did not change during pore formation. This observation indicates a 
"growing" process instead of involving a "prepore-to-pore transition" step seen with many other 
pore-forming proteins. This observation is interesting but needs to be strengthened by additional 
evidences. For example, the author could check whether a possible prepore of GSDMD-N domain 
could be induced in the solution state by adding phosphoinositide into caspase-cleaved GSDMD. 
Also a typical cholesterol-dependent cytolysin, which is known to form prepores in solution and 
undergo a vertical collapse on the membrane, could be included as a control.  
 
3) Since other Gasdermin-family members also habor the pore-forming activity, it is important to 
known whether a similar dynamic process of Gasdermin N-domain assembling into transmembrane 
pores also applies to other gasdermins. This data will increase the impact of the current study.  
 
 
Referee #2:  
 
Mulvihill and al present an AFM study to characterize the mechanism of pore formation by 
inflammatory Gasdermin-D in model membrane systems. They study the role of lipid composition 
on GSDMD binding to the membrane and pore formation and provide a time sequence for GSDMD 
assembly into rings. This work presents some new details about how lipids influence GSDMD 
binding and assembly in the membrane. Based on their data they conclude that cholesterol plays an 
inhibitory role in helping GSDMD binding to the membrane. Moreover, they provide high imaging 
resolution of GSDMD pores and some evidence about the kinetics of GSDMD pore formation, 
where GSDMD seems to pass through slits/arcs intermediates before forming rings that, according 
to the authors, represent a more thermodynamically stable assembling of oligomerized GSDMD. 
However, in my opinion this work represents an incremental advance on the previous work by the 
same authors in Sborgi et al Embo J. 2016, where many of the results and ideas presented in this 
AFM study have been previously proposed. That said, I would like to point out that the quality of 
the AFM imaging is impressive and offers the potential for a more in depth analysis of GSDMD 
pore formation beyond what is presented here and that would make a difference in terms of novelty 
of the findings.  
For example, the idea of a kinetic mechanism for GSDMD pore formation is intriguing; however the 
conclusions should be supported by more robust evidence. The authors should provide statistical 
numbers of how many slit and arcs shapes turn into rings, how many rings form pores over time, 
whether the pore size increases over time before reaching the final size, whether slit and arcs pores 
are smaller than ring pores and whether increasing concentration of GSDMD affect all these 
parameters. They could also analyze what is the smallest size of slit and arc that can form a pore, 
and more interestingly, given the high quality of the resolution imaging, what is the minimum 
number of GSDMD molecules that can be associated with a membrane pore.  
Based on the relatively wide distribution of the ring diameter, the authors claim that GSDMD pore 
formation is a "structurally rather flexible process" (pag 6). This can be a result of a dynamic 
assembling process where the pore grows over time before reaching a steady state. It would be 
interesting to explore this hypothesis by, again, looking at the pore size over time, also in the context 
of understanding the nature of GSDMD pores (only protein or lipid-protein based). Still, for a better 
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understanding of the kinetics mechanism, it would be useful to plot in a graph how the number of 
slit/arcs and rings change over time. According to what the authors observe (pag 8) slit/arcs should 
reach a plateau while rings should constantly increase.  
Another important aspect is the first part of the manuscript regarding the analysis of lipid 
composition. The authors should specify why the choice of the POPC, DOPG, DOPS, DOPE, and 
CL (40:20:10:20:10 w/w) lipid composition in their experiments. GSDMD has been shown to form 
pores in the inner leaflet of the plasma membrane that are responsible for Pyroptosis execution. The 
authors should analyze GSDMD pore activity in a lipid composition mimicking this leaflet, which 
by the way, contains about 30% cholesterol. In this sense, the authors should explain how come 
cholesterol inhibits pore formation and how can this be put into perspective given the presence of 
cholesterol in the physiological target membrane of this protein.  
 
The paragraph describing the sub-nanometer topographs of GSDMd is shallow. The authors refer to 
substructures, but it´s not clear to me what they are referring to. They should illustrate with arrows 
in the figures. What do they mean with lateral distance? Again an illustration would be useful.  
 
Minor aspects:  
- For clarity, the authors should provide a zoom in picture of a slit, an arc and a ring  
- The title of the first paragraph in the results section is misleading because the authors said that 
GSDMD oligomerization depends on the lipid composition, however later on in the text they specify 
that GSDMD assembly is not sensitive to the lipid composition (pag 6). They should write again the 
title focusing more on the Cholesterol role rather than lipids in general.  
- On page 5 the authors, based on the low height of the structures protruding the membrane, 
conclude that GSDMD monomers fully insert into the membrane. This is a quite strong statement 
not supported by high resolution structural data  
- Fig 2A provides the same information of fig 1A and graph G in fig 2 is the same than graph G in 
fig 1  
- Figure s3 does not provide any additional information (see fig 3)  
- In the author contribution section some authors are not mentioned  
 
 
 
Referee #3:  
 
Mulvihill study the insertion and pore-formation of GSDMD N-termini into membranes by AFM. 
They find that the structures formed are of different shapes and sizes. The AFM pictures are 
impressive and of very high quality and resolution. Taken that this is the strong part of the 
manuscript, the most should be made of this, e.g., the scale of height should be added and 
interpreted in all pictures. The main criticism is that it is difficult to judge how relevant the data is 
since a membrane on mica might not allow all conformations the protein might assume in a real 
membrane.  
 
 
Some important points are listed below.  
 
The dimensions of the pore should be quantified not only by diameter but also by the number of 
GSDMD subunits per pore, which seem possible, at least from the data in figure 4 and is the strong 
point of this work.  
 
More detailed statistics on the shape and diameter of the pores should be presented. Is there a most-
common diameter / number of subunits of the ring-shaped pore that is the most stable, or do the 
pores just keep growing?  
 
We would have expected more orderly structures. Using this experimental system, do other, better 
studied pore-forming proteins also assume such divers pore shapes? How representative is this of 
the physiological structure?  
 
Why do they only test the E. coli membrane with and without cholesterol, not also the synthetic 
membrane?  
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What happens if GSDMD and Casp1 without the membrane being around and later added to the 
membrane? Is it important that the GSDMD N-term is "fresh"?  
 
Figure 2: do the different caspases cleave GSDMD at different sites? If not, the result is highly 
expected. The authors provide no indication on why this was an interesting question for them to 
test.  
 
The authors claim that "the relatively wide distribution of the diameter of ring-shaped oligomers and 
the coexistence of arc-, slit-, and ring-shaped oligomers indicates that the assembly of 
transmembrane pores by GSDMDNterm is a structurally rather flexible process." - How can the 
exclude that these phenomena are not a result of their experimental settings and that the natural pore 
form in a more orderly fashion?  
 
The protrusion (Z-Axis) should be depicted separately and quantified not only in Figure 1.  
 
The use of supported lipid membranes on mica (a solid carrier) could be a problem if the GSDMD 
pore involves GSDMD molecules protruding from the membrane on the outer side. The authors 
should comment how this is dealt with in the field for other pore-forming proteins  
 
In Figure 4, the central part in some pores is obviously protruding higher than the surrounding ring. 
Why is this not quantified? Could this be a consequence of a secondary structure trying to form (that 
might be able to stabilize the ring and stop its growth)? The presence of GSDMD in the middle of 
the pore is even depicted in Figure 5 (final stage), but not sufficiently discussed. However, the 
model shown does not properly represent the obtained data because the different height of the 
protein in the center of the pore in the terminal stage is not shown.  
 
If the authors want to reach the broad readership of the EMBO Journal, they should explain why 
they think their synthetic membrane is physiologically relevant and how it is composed. The 
abbreviations are not explained anywhere.  
 
Why do the authors keep repeating the composition of their membrane including the rations 
throughout the manuscript if it is always the same? It is enough the just say "SLM" after it was first 
mentioned, unless it differs.  
 
In the first sentence, "been" is missing, or it should be "was" instead of "has".  
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1st Revision - authors' response 1st April 2018 

EMBOJ-‐2017-‐98321	   “Mechanism	   of	   membrane	   pore	   formation	   by	   human	  
Gasdermin-‐D”	  

Point-‐by-‐point	  response	  to	  the	  comments	  of	  reviewer	  #1	  

Reviewer	  #1:	  A	  milestone	  progress	  in	  innate	  immune	  research	  in	  the	  past	  few	  
years	  is	  the	  identification	  of	  Gasdermin-‐D	  (GSDMD)	  as	  the	  pyroptotic	  substrate	  of	  
caspase-‐1	  and	  caspase-‐11	  in	  response	  various	  infectious	  signals.	  GSDMD	  executes	  
pyroptosis	  via	  an	  intrinsic	  pore-‐forming	  activity	  in	  its	  N-‐terminal	  domain,	  which	  
claries	  the	  nature	  of	  pyroptotic	  cell	  death.	  GSDMD	  belongs	  to	  a	  large	  Gasdermin	  
family	  that	  appears	  to	  share	  the	  pore-‐forming	  domain	  despite	  that	  their	  
physiological	  function	  and	  activation	  mechanism	  remain	  largely	  unknown.	  
Following	  these	  findings,	  it	  is	  of	  great	  interest	  in	  the	  innate	  immune	  field	  to	  
understand	  the	  mechanism	  how	  GSDMD	  forms	  pores	  and	  disrupts	  the	  membrane.	  
Research	  on	  this	  topic	  is	  also	  grabbing	  attentions	  from	  the	  cell	  death	  field	  as	  well	  
as	  the	  big	  community	  studying	  the	  membrane	  pore	  formation	  processes.	  In	  the	  
submitted	  manuscript,	  Mulvihill	  et	  al.	  dissect	  the	  pore-‐forming	  process	  of	  GSDMD	  
on	  the	  membrane	  by	  AFM	  and	  provide	  valuable	  insights	  into	  the	  underlying	  
mechanism	  of	  GSDMD	  pore	  formation.	  However,	  there	  are	  still	  some	  concerns	  that	  
need	  to	  be	  addressed	  before	  the	  manuscript	  can	  be	  accepted	  for	  publication.	  

Authors:	   Thank	   you	   for	   your	   encouraging	   and	   constructive	   comments,	   which	  
guided	   us	   to	   revise	   our	   manuscript.	   Below	   please	   find	   in	   our	   point-‐by-‐point	  
response	   how	   we	   addressed	   each	   of	   the	   specific	   concerns	   by	   conducting	  
additional	  experiments	  and	  revising	  our	  manuscript. 

	  

Reviewer	  #1:	  1)	  GSDMD-‐N	  domain	  has	  been	  shown	  to	  specifically	  bind	  to	  
phosphoinositides	  and	  cardiolipin	  as	  well	  as	  phosphatidylserine.	  Phosphoinositides	  
are	  known	  to	  be	  present	  in	  mammalian	  cell	  membrane,	  particularly	  the	  
cytoplasmic	  leaflet	  of	  plasma	  membrane.	  Upon	  binding	  to	  phosphoinositides,	  
GSDMD-‐N	  domain	  forms	  extensive	  pores	  on	  the	  membrane,	  disrupting	  the	  
membrane	  integrity	  and	  eventually	  triggering	  cell	  pyroptosis.	  Compared	  with	  
cardiolipin,	  phosphoinositides	  are	  the	  more	  physiological	  relevant	  targets	  of	  
GSDMD	  as	  well	  as	  other	  Gasdermin-‐family	  members.	  Therefore,	  the	  authors	  
should	  also	  exhibit	  the	  pore	  formation	  on	  membranes	  containing	  
phosphoinositides.	  The	  proposed	  negative	  effect	  of	  cholesterol	  could	  also	  be	  tested	  
on	  phosphoinositides-‐containing	  membranes.	  Additionally,	  phosphatidylserine-‐
containing	  membrane	  can	  be	  assayed	  and	  the	  results	  will	  be	  of	  great	  interest	  to	  
the	  field.	  These	  control	  assays	  will	  make	  the	  study	  more	  complete	  and	  the	  results	  
obtained	  are	  more	  physiologically	  relevant.	  	  

Authors:	   Since	  phosphoinositides	  are	  more	  physiological	   targets	  of	  GSDMD	  than	  
cardiolipin,	   the	   reviewer	   suggests	   to	   characterize	   the	   formation	   of	   GSDMD	   on	  
membranes	   containing	   phosphoinositides.	   He/she	   further	   suggests	   to	   test	   the	  
proposed	   negative	   effect	   of	   cholesterol	   using	   phosphoinositide-‐containing	  
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resolution	  AFM	  topographs	  showing	  GSDMDNterm	  oligomers	  formed	  on	  SLMs	  made	  from	  (A	  and	  B)	  
POPS,	  POPC,	  DOPE	  and	  PI(4,5)P2	  (35:30:25:10	  molar	  ratio),	  (C	  and	  D)	  POPS,	  POPC,	  DOPE,	  PI(4,5)P2	  
and	   cholesterol	   (30:26:21:8:15	   molar	   ratio),	   and	   (E	   and	   F)	   POPS,	   POPC,	   DOPE,	   PI(4,5)P2	   and	  
cholesterol	   (24:21:18:7:30	  molar	   ratio).	  The	   full	   color	   range	   of	   the	   topographs	   corresponds	   to	   a	  
vertical	  scale	  of	  5	  nm.	  Scale	  bars,	  100	  nm	  (A,	  C	  and	  E)	  and	  50	  nm	  (B,	  D,	  and	  F).	   

Furthermore,	   the	   reviewer	   suggested	   to	   test	   the	   effect	   of	   phosphatidylserine-‐
containing	  membranes	  on	  GSDMDNterm	  binding	  and	  assembly.	  We	  kindly	   refer	   to	  
Figs.	  1	  and	  2	  and	  Appendix	  Fig.	  S6	  of	  our	  manuscript,	   in	  which	  we	  characterized	  
GSDMDNterm	   binding	   and	   assembly	   on	   phosphatidylserine-‐containing	   (DOPS	   and	  
POPS)	   membranes.	   We	   have	   carefully	   revised	   our	   manuscript	   to	   explain	   the	  
experiments	  more	  clearly	  (see	  revised	  Results).	  

	  

Reviewer	  #1:	  2)	  In	  the	  time-‐lapse	  AFM	  analysis	  that	  tracks	  the	  process	  of	  GSDMD-‐
N	  domain	  oligomerization	  and	  pore	  formation,	  the	  authors	  showed	  that	  the	  
heights	  of	  oligomeric	  GSDMD-‐N	  domain	  protruding	  from	  the	  membrane	  surface	  
did	  not	  change	  during	  pore	  formation.	  This	  observation	  indicates	  a	  "growing"	  
process	  instead	  of	  involving	  a	  "prepore-‐to-‐pore	  transition"	  step	  seen	  with	  many	  
other	  pore-‐forming	  proteins.	  This	  observation	  is	  interesting	  but	  needs	  to	  be	  
strengthened	  by	  additional	  evidences.	  For	  example,	  the	  author	  could	  check	  
whether	  a	  possible	  prepore	  of	  GSDMD-‐N	  domain	  could	  be	  induced	  in	  the	  solution	  
state	  by	  adding	  phosphoinositide	  into	  caspase-‐cleaved	  GSDMD.	  Also	  a	  typical	  
cholesterol-‐dependent	  cytolysin,	  which	  is	  known	  to	  form	  prepores	  in	  solution	  and	  
undergo	  a	  vertical	  collapse	  on	  the	  membrane,	  could	  be	  included	  as	  a	  control.	  	  

Authors:	  The	  reviewer	  suggests	  to	  further	  strengthen	  our	  finding	  that	  GSDMDNterm	  
forms	  pores	  in	  a	  “growing”	  rather	  than	  in	  a	  "prepore-‐to-‐pore	  transition"	  step.	  We	  
made	  the	  following	  controls,	  as	  suggested	  by	  the	  reviewer,	  to	  test	  and	  strengthen	  
our	  finding:	  	  

1)	  The	  reviewer	  suggests	  to	  test	  whether	  a	  possible	  prepore	  of	  GSDMDNterm	  could	  
be	  induced	  in	  the	  solution	  state	  by	  adding	  phosphoinositide	  into	  caspase-‐cleaved	  
GSDMD	   (GSDMDNterm).	  Unfortunately,	   phosphoinositide	   is	   not	  water-‐soluble	   and	  
we	   couldn’t	   find	   any	   commercially	   available	   lysophosphatidylinositide	   (which	  
could	   possibly	   be	   slightly	  water-‐soluble).	   To	   test	  whether	   GSDMDNterm	   can	   form	  
prepores	   before	   inserting	   into	   the	   lipid	   membrane	   we	   incubated	   GSDMD	   with	  
caspase	  in	  the	  absence	  of	  any	  lipids	  at	  37°C	  for	  60	  min,	  which	  was	  the	  incubation	  
time	  used	   in	   our	  AFM-‐assays,	   and	   for	  much	  extended	   time	  overnight.	   After	   this	  
incubation,	  we	  imaged	  the	  sample	  by	  AFM	  (Fig.	  R1.3B,	  included	  as	  new	  Appendix	  
Fig.	  S3)	   and	  by	  TEM	   (Fig.	  R1.4C,	   included	  as	  new	  Appendix	  Fig.	  S4).	  None	  of	   the	  
controls	  showed	  that	  cleaved	  GSDMD	  (GSDMDNterm)	  pre-‐formed	  arc-‐,	  slit-‐	  or	  ring-‐
shaped	   oligomers	   in	   the	   absence	   of	   lipid	  membranes.	   The	   new	   data	   have	   been	  
included	  into	  our	  revised	  manuscript	  (see	  revised	  Manuscript,	  new	  Results	  section	  
‘GSDMDNterm	  oligomerization	  in	  liposomes‘,	  and	  new	  Appendix	  Figs.	  S3	  and	  S4).	  	  

2)	  We	  further	  incubated	  liposomes	  with	  GSDMD	  in	  the	  absence	  (Fig.	  R1.4)	  and	  in	  
the	  presence	  of	   caspase-‐1	   (Fig.	  R1.5,	   included	  as	  new	  Appendix	  Fig.	  S5).	  Only	   in	  
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indicate	   the	   minutes	   after	   addition	   of	   PLY	   to	   the	   imaging	   buffer.	   Height	   profiles	   of	   PLY	  
oligomers	  (red	  curve	  lines)	  are	  measured	  along	  the	  red	  lines	  in	  the	  topographs	  at	  the	  indicated	  
time	   points.	   PLY	   prepores	   are	   seen	   as	   higher	   protruding	   (brighter)	   rings	   in	   the	   topographs	  
recorded	   at	   282	   and	   342	  min.	   Dashed	   black	   lines	   (0	  nm)	   indicate	   the	   SLM	   surface	   and	  
continuous	  black	   lines	  (≈	  −	  5	  nm)	  the	  surface	  of	  the	  mica	  support.	  The	  full	  color	  range	  of	  the	  
AFM	   topographs	   recorded	   at	   37°C	   correspond	   to	   a	   vertical	   scale	   of	   25	  nm.	   Scale	   bars	   of	  
topographs	   correspond	   to	   50	   nm	   and	   of	   height	   profiles	   to	   10	   nm.	   The	   Figure	   has	   been	  
extracted	  from	  Figure	  4	  from	  reference	  (van	  Pee	  et	  al,	  2016).	  	  

	  

Reviewer	  #1:	  3)	  Since	  other	  Gasdermin-‐family	  members	  also	  harbor	  the	  pore-‐
forming	  activity,	  it	  is	  important	  to	  known	  whether	  a	  similar	  dynamic	  process	  of	  
Gasdermin	  N-‐domain	  assembling	  into	  transmembrane	  pores	  also	  applies	  to	  other	  
gasdermins.	  This	  data	  will	  increase	  the	  impact	  of	  the	  current	  study.	  	  

Authors:	   	   To	   further	   increase	   the	   impact	   of	   the	   study	   the	   reviewer	   suggests	   to	  
characterize	   whether	   other	   members	   of	   the	   Gasdermin	   family	   show	   a	   similar	  
process	   of	   pore	   formation	   as	   observed	   for	  GSDMD.	   	  We	  have	   started	   to	   record	  
some	  data	  of	  the	  Gasdermin	  family	  member	  Gasdermin-‐A3	  (Fig.	  R1.7).	   	  The	  data	  
shows	   that	   Gasdermin-‐A3	   similarly	   to	   GSDMD	   assembles	   slit-‐,	   arc-‐	   and	   ring-‐like	  
oligomers.	   No	   vertical	   differences	   of	   the	   Gasdermin-‐A3	   oligomers	   could	   be	  
observed,	  thus	  indicating	  the	  absence	  of	  a	  vertical	  collapse.	  	  The	  data	  also	  shows	  
that	  the	  diameter	  of	  ring-‐like	  Gasdermin-‐A3	  oligomers	  is	  much	  more	  constrained	  
compared	  to	  the	  ring-‐like	  GSDMD	  oligomers.	  	  However,	  as	  our	  manuscript	  focuses	  
on	  the	  oligomeric	  assembly	  and	  pore	  formation	  mechanism	  of	  human	  GSDMD,	  we	  
would	  like	  to	  keep	  this	  focus	  throughout	  the	  paper.	  	  Extending	  the	  submitted	  work	  
to	  other	  Gasdermin	  family	  members,	  such	  as	  Gasdermin-‐A3,	  would	  be	  beyond	  the	  
scope	  of	  our	  study.	  	  After	  having	  discussed	  this	  query	  with	  the	  editor	  handling	  our	  
paper	  at	  EMBO	  J,	  we	  have	  thus	  decided	  not	  to	  include	  this	  additional	  data	  showing	  
the	   assembly	   and	   pore-‐forming	   mechanisms	   of	   Gasdermin-‐A3	   into	   our	   paper.	  	  
Once	   our	   paper	   has	   been	   accepted	   for	   publication,	   we	   will	   address	   this	   issue	  
raised	   by	   the	   reviewer	   and	   search	   for	   similarities	   and	   individualities	   of	   the	  
oligomeric	   assembly	   and	   pore	   forming	   mechanisms	   of	   other	   Gasdermin	   family	  
members	  (including	  Gasdermin-‐A3).	  	  
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Figure	   R1.7.	   Characterization	   of	   the	   assembly	   of	   GSDMA3Nterm.	   AFM	   topograph	   showing	  
GSDMA3Nterm	  oligomers	  formed	  on	  a	  supported	  lipid	  membrane	  (SLM)	  assembled	  from	  E.	  coli	  polar	  
lipid	   extract.	   The	   SLM	  was	   incubated	  with	   buffer	   solution	   (50	  mM	  NaCl,	   0.5	  mM	   TCEP,	   20	  mM	  
Hepes,	  pH	  7.4)	  containing	  38	  µM	  GSDMA3	  and	  7	  µM	  TEV	  protease	  for	  120	  min	  at	  37	  °C.	  After	  the	  
incubation	  time,	  the	  SLM	  was	  rinsed	  and	  imaged	  in	  buffer	  solution	  (50	  mM	  NaCl,	  0.5	  mM	  TCEP,	  20	  
mM	  Hepes,	   pH	   7.4).	   Green	   arrows	   indicate	   arc-‐like,	   white	   arrows	   slit-‐like	   and	   pink	   arrows	   ring-‐
shaped	  oligomers.	  The	  full	  color	  range	  of	  the	  topograph	  corresponds	  to	  a	  vertical	  scale	  of	  8.6	  nm.	  
Scale	  bar,	  100	  nm.	    
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EMBOJ-‐2017-‐98321	   “Mechanism	   of	   membrane	   pore	   formation	   by	   human	  
Gasdermin-‐D”	  

	  

Point-‐by-‐point	  response	  to	  the	  comments	  of	  reviewer	  #2	  

	  

Reviewer	  #2:	  Mulvihill	  and	  al	  present	  an	  AFM	  study	  to	  characterize	  the	  mechanism	  
of	  pore	  formation	  by	  inflammatory	  Gasdermin-‐D	  in	  model	  membrane	  systems.	  
They	  study	  the	  role	  of	  lipid	  composition	  on	  GSDMD	  binding	  to	  the	  membrane	  and	  
pore	  formation	  and	  provide	  a	  time	  sequence	  for	  GSDMD	  assembly	  into	  rings.	  This	  
work	  presents	  some	  new	  details	  about	  how	  lipids	  influence	  GSDMD	  binding	  and	  
assembly	  in	  the	  membrane.	  Based	  on	  their	  data	  they	  conclude	  that	  cholesterol	  
plays	  an	  inhibitory	  role	  in	  helping	  GSDMD	  binding	  to	  the	  membrane.	  Moreover,	  
they	  provide	  high	  imaging	  resolution	  of	  GSDMD	  pores	  and	  some	  evidence	  about	  
the	  kinetics	  of	  GSDMD	  pore	  formation,	  where	  GSDMD	  seems	  to	  pass	  through	  
slits/arcs	  intermediates	  before	  forming	  rings	  that,	  according	  to	  the	  authors,	  
represent	  a	  more	  thermodynamically	  stable	  assembling	  of	  oligomerized	  GSDMD.	  
However,	  in	  my	  opinion	  this	  work	  represents	  an	  incremental	  advance	  on	  the	  
previous	  work	  by	  the	  same	  authors	  in	  Sborgi	  et	  al	  Embo	  J.	  2016,	  where	  many	  of	  the	  
results	  and	  ideas	  presented	  in	  this	  AFM	  study	  have	  been	  previously	  proposed.	  That	  
said,	  I	  would	  like	  to	  point	  out	  that	  the	  quality	  of	  the	  AFM	  imaging	  is	  impressive	  and	  
offers	  the	  potential	  for	  a	  more	  in	  depth	  analysis	  of	  GSDMD	  pore	  formation	  beyond	  
what	  is	  presented	  here	  and	  that	  would	  make	  a	  difference	  in	  terms	  of	  novelty	  of	  the	  
findings.	   

Authors:	  Thank	  you	  for	  your	  encouraging	  and	  critical	  comments,	  which	  guided	  us	  
to	   revise	   our	  manuscript.	   The	   reviewer	   suggested	   to	   extend	   the	   analysis	   and	   to	  
conduct	   a	   considerable	   amount	   of	   additional	   experiments,	   which	   the	   reviewer	  
specified	  below.	  These	  experiments,	  together	  with	  the	  experiments	  suggested	  by	  
the	   other	   reviewers,	   considerably	   advanced	   our	   study	   compared	   to	   previous	  
works,	   strengthened	   the	   manuscript	   and	   our	   scientific	   findings.	   For	   a	   detailed	  
explanation	  of	  how	  we	  addressed	  each	  of	   the	  specific	   concerns	  of	   the	   reviewer,	  
we	  kindly	  refer	  to	  our	  point-‐by-‐point	  response. 

	  

Reviewer	  #2:	  For	  example,	  the	  idea	  of	  a	  kinetic	  mechanism	  for	  GSDMD	  pore	  
formation	  is	  intriguing;	  however	  the	  conclusions	  should	  be	  supported	  by	  more	  
robust	  evidence.	  The	  authors	  should	  provide	  statistical	  numbers	  of	  how	  many	  slit	  
and	  arcs	  shapes	  turn	  into	  rings,	  how	  many	  rings	  form	  pores	  over	  time,	  whether	  the	  
pore	  size	  increases	  over	  time	  before	  reaching	  the	  final	  size,	  whether	  slit	  and	  arcs	  
pores	  are	  smaller	  than	  ring	  pores	  and	  whether	  increasing	  concentration	  of	  GSDMD	  
affect	  all	  these	  parameters.	  They	  could	  also	  analyze	  what	  is	  the	  smallest	  size	  of	  slit	  
and	  arc	  that	  can	  form	  a	  pore,	  and	  more	  interestingly,	  given	  the	  high	  quality	  of	  the	  
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Figure	  R2.4.	  Time-‐lapse	  topographs	  showing	  GSDMDNterm	  oligomerization	  and	  pore	  formation	  at	  
lower	   GSDMD	   concentration	   compared	   to	   the	   concentration	   used	   in	   Fig.	  4.	  A	   defect-‐free	   SLM	  
made	   from	   POPC,	   DOPG,	   DOPS,	   DOPE,	   and	   CL	   (40:20:10:20:10	  molar	   ratio)	   was	   incubated	  with	  
0.4	  µM	  GSDMD	  and	  0.1	  µM	  caspase-‐1	  in	  buffer	  solution	  at	  37°C.	  Recorded	  at	  different	  time	  points	  
of	   the	   incubation	   (indicated	   by	   time	   stamps	   in	  min)	   the	   time-‐lapse	   AFM	   topographs	   follow	   the	  
progress	   of	   GSDMDNterm	   binding	   and	   assembly	   to	   the	   SLM.	   Arrows	   indicate	   the	   formation	   and	  
fusion	   of	   GSDMDNterm	   oligomers	   through	   the	   addition	   of	   GSDMDNterm	   monomers.	   The	   full	   color	  
range	  of	  the	  topographs	  corresponds	  to	  a	  vertical	  scale	  of	  7	  nm.	  Scale	  bar,	  100	  nm.	  Time-‐lapse	  FD-‐
based	   AFM	   topographs	   were	   recorded	   in	   buffer	   solution	   at	   37°C	   as	   described	   (Materials	   and	  
Methods).	   

The	  reviewer	  also	  asked	  to	  analyze	  the	  smallest	  size	  of	  slit	  and	  arc	  that	  can	  form	  a	  
pore	  and	  more	  interestingly,	  given	  the	  high	  quality	  of	  the	  resolution	  imaging,	  what	  
is	   the	   minimum	   number	   of	   GSDMD	   molecules	   that	   can	   be	   associated	   with	   a	  
membrane	  pore.	  	  Thank	  you	  for	  bringing	  up	  this	  interesting	  question.	  	  The	  smallest	  
pore	   size	   (area)	   can	   be	   extracted	   from	   the	   pore	   size	   distributions	   given	   in	  
Fig.	  R2.3.	  	  It	  appears	  that	  the	  smallest	  pore	  size	  we	  could	  detect	  in	  our	  study	  was	  
≈	  20	  nm2.	  	  We	  have	  also	  analyzed	  the	  minimum,	  maximum	  and	  average	  number	  of	  
GSDMDNterm	   molecules	   assembling	   the	   arc-‐,	   slit-‐	   and	   ring-‐shaped	   oligomers	  
forming	  transmembrane	  pores	  (see	  revised	  Fig.	  5).	  	  In	  average,	  arc-‐like	  oligomers	  
were	   assembled	   from	   16.1	  ±	  0.4	   (mean	  ±	  SE,	   n	  =26)	   subunits,	   slit-‐like	   oligomers	  
from	  20.7	  ±	  0.4	   (n	  =	  46)	   subunits	   and	   ring-‐like	   oligomers	   from	  30.2	  ±	  0.2	   (n	  =	  49)	  
subunits	   (revised	  Fig.	  5D).	   	  We	  have	   included	   this	   information	   in	   the	  manuscript	  

0’ 3’ 9’ 15’ 20’

25’ 30’ 36’ 41’ 47’

52’ 57’ 63’ 68’ 74’

80’ 86’ 93’ 100’



The EMBO Journal - Peer Review Process File 
 

 
© European Molecular Biology Organization 18 

(see	   revised	   Results,	   section	   ‘Sub-‐nanometer	   topographs	   of	   GSDMDNterm	  

oligomers’	  and	  revised	  Fig.	  5).	  	  

	  

Reviewer	  #2:	  Based	  on	  the	  relatively	  wide	  distribution	  of	  the	  ring	  diameter,	  the	  
authors	  claim	  that	  GSDMD	  pore	  formation	  is	  a	  "structurally	  rather	  flexible	  process"	  
(pag	  6).	  This	  can	  be	  a	  result	  of	  a	  dynamic	  assembling	  process	  where	  the	  pore	  
grows	  over	  time	  before	  reaching	  a	  steady	  state.	  It	  would	  be	  interesting	  to	  explore	  
this	  hypothesis	  by,	  again,	  looking	  at	  the	  pore	  size	  over	  time,	  also	  in	  the	  context	  of	  
understanding	  the	  nature	  of	  GSDMD	  pores	  (only	  protein	  or	  lipid-‐protein	  based).	  
Still,	  for	  a	  better	  understanding	  of	  the	  kinetics	  mechanism,	  it	  would	  be	  useful	  to	  
plot	  in	  a	  graph	  how	  the	  number	  of	  slit/arcs	  and	  rings	  change	  over	  time.	  According	  
to	  what	  the	  authors	  observe	  (pag	  8)	  slit/arcs	  should	  reach	  a	  plateau	  while	  rings	  
should	  constantly	  increase.	  	  

Authors:	   	   To	   better	   understand	   the	   dynamic	   assembly	   process	   of	   the	   GSDMD	  
pores,	  the	  reviewer	  asks	  to	  look	  at	  the	  pore	  size	  over	  time.	  	  We	  kindly	  refer	  to	  our	  
answer	   given	   above	   and	   in	   which	   we	   analyzed	   the	   size	   (area)	   of	   the	  
transmembrane	   pore	   formed	   by	   GSDMDNterm	   oligomers	   over	   time	   (Fig.	  R2.2,	  
included	  as	  new	  Appendix	  Fig.	  S9).	   	  The	  analysis	  and	  the	  discussion	  hereof	  have	  
been	  included	  in	  the	  revised	  manuscript.	  

The	  reviewer	  also	  suggests	   to	  plot	  a	  graph	  showing	  the	  number	  of	  slits/arcs	  and	  
rings	   changing	   over	   time.	   	   In	   our	   time-‐lapse	   AFM	   experiments	   we	   imaged	   the	  
supported	   lipid	  membranes	  (SLMs)	  while	   incubating	  them	  with	  a	   limited	  amount	  
of	   GSDMD	   and	   caspase-‐1	   at	   37°C.	   	   Throughout	   recording	   the	   time-‐lapse	  movie,	  
new	   GSDMDNterm	   could	   insert	   and	   assemble	   oligomers.	   	   The	   graph	   plotting	   the	  
number	  of	  arcs,	  slits	  and	  rings	  over	  time	  show	  that	  the	  number	  and	  arcs	  and	  slits	  
changes	   over	   time	   approaching	   a	   lower	   plateau	   whereas	   the	   number	   of	   rings	  
increases	  with	  time	  approaching	  a	  higher	  plateau	  (Fig.	  R2.1).	   	  The	  new	  figure	  has	  
been	  included	  into	  the	  Appendix	  and	  the	  data	  highlighting	  the	  flexible	  process	  of	  
the	  oligomeric	  assembly	  have	  been	  discussed	  in	  the	  revision	  (see	  revised	  Results,	  
section	  ‘Imaging	  GSDMDNterm	  oligomerization	  and	  pore	  formation’,	  new	  Appendix	  
Fig.	  S10,	  and	  revised	  Discussion).	  

	  

Reviewer	  #2:	  Another	  important	  aspect	  is	  the	  first	  part	  of	  the	  manuscript	  
regarding	  the	  analysis	  of	  lipid	  composition.	  The	  authors	  should	  specify	  why	  the	  
choice	  of	  the	  POPC,	  DOPG,	  DOPS,	  DOPE,	  and	  CL	  (40:20:10:20:10	  w/w)	  lipid	  
composition	  in	  their	  experiments.	  GSDMD	  has	  been	  shown	  to	  form	  pores	  in	  the	  
inner	  leaflet	  of	  the	  plasma	  membrane	  that	  are	  responsible	  for	  Pyroptosis	  
execution.	  The	  authors	  should	  analyze	  GSDMD	  pore	  activity	  in	  a	  lipid	  composition	  
mimicking	  this	  leaflet,	  which	  by	  the	  way,	  contains	  about	  30%	  cholesterol.	  In	  this	  
sense,	  the	  authors	  should	  explain	  how	  come	  cholesterol	  inhibits	  pore	  formation	  
and	  how	  can	  this	  be	  put	  into	  perspective	  given	  the	  presence	  of	  cholesterol	  in	  the	  
physiological	  target	  membrane	  of	  this	  protein.	   



The EMBO Journal - Peer Review Process File 
 

 
© European Molecular Biology Organization 19 

Authors:	  	  The	  reviewer	  asks	  to	  analyze	  the	  GSDMD	  assembly	  and	  pore	  formation	  
in	  a	  lipid	  composition	  mimicking	  the	  inner	  leaflet	  of	  the	  plasma	  membrane,	  which	  
contains	   ≈	  30%	   cholesterol.	   	   We	   followed	   the	   advice	   of	   the	   reviewer	   and	  
conducted	   additional	   experiments	   in	   lipid	   compositions	   more	   closely	   mimicking	  
the	   plasma	   membrane	   inner	   leaflet.	   	   Since	   plasma	   membranes	   display	   an	  
asymmetric	   lipid	   distribution	   with	   PS	   and	   PE	   enriched	   in	   the	   cytosolic	   leaflet 
(Devaux	  &	  Morris,	  2004;	  van	  Meer	  et	  al,	  2008),	  we	  first	  used	  a	  three-‐component	  
mixture	  of	  POPS,	  DOPE	  and	  POPC	  (35:25:40	  molar	  ratio)	  as	  a	  model	  of	  the	   inner	  
leaflet	   of	   the	   plasma	   membrane	   and	   investigated	   GSDMD	   assembly	   and	   pore	  
formation	  on	  SLMs	  made	  from	  this	  lipid	  composition	  (Fig.	  R2.5).	   	  After	  this,	  since	  
phosphoinositides	   are	   known	   to	  be	  present	   in	  mammalian	   cell	  membranes,	   and	  
since	  PI(4,5)P2	  is	  a	  marker	  of	  the	  cytoplasmic	  leaflet	  of	  the	  plasma	  membrane	  and	  
a	  physiological	  relevant	  target	  of	  GSDMD,	  we	  characterized	  the	  effect	  of	  PI(4,5)P2	  
on	   the	   binding	   and	   assembly	   of	   GSDMDNterm.	   	   For	   comparison,	   we	   have	   also	  
investigated	   possible	   effects	   of	   phosphoinositol	   (POPI).	   	   Therefore,	   we	   have	  
assembled	  SLMS	  from	  POPS,	  DOPE	  and	  POPC	  (35:25:40	  molar	  ratio),	   from	  POPS,	  
DOPE	   and	   POPI	   (35:25:40	   molar	   ratio)	   and	   from	   POPS,	   DOPE	   and	   PI(4,5)P2	  
(35:25:40	  molar	  ratio).	  	  As	  described	  for	  the	  other	  experiments,	  each	  of	  the	  SLMs	  
was	  incubated	  with	  0.5	  µM	  GSDMD	  and	  0.1	  µM	  caspase-‐1	  for	  60	  min	  at	  37°C.	  	  The	  
AFM	  topographs	  showed	  that	  GSDMDNterm	  also	  bound	  to	  SLMs	  made	  from	  POPS,	  
DOPE	  and	  POPC,	  where	  it	  assembled	  arc-‐	  slit-‐	  and	  ring-‐like	  oligomers.	  	  Again,	  the	  
oligomers	   could	   form	   transmembrane	   pores.	   	   However,	   we	   could	   not	   observe	  
GSDMDNterm	   binding	   to	   SLMs	   made	   from	   POPS,	   DOPE	   and	   POPI.	   Instead,	  
GSDMDNterm	   bound	  much	  more	   frequently	   to	   SLMs	  made	   from	  POPS,	  DOPE	   and	  
PI(4,5)P2	  compared	  to	  SLMs	  made	  from	  POPS,	  DOPE	  and	  POPC.	  	  This	  indicates	  that	  
PI(4,5)P2	   promotes	   the	   binding	   and	   oligomerization	   of	   GSDMDNterm.	   	   The	   data	  
showed	  that	  the	  presence	  of	  PI(4,5)P2	  had	  no	  influence	  on	  the	  diameter	  of	  ring-‐
like	   oligomers.	   	   However,	   because	   the	   occurrence	   of	   arc-‐	   and	   slit-‐like	   oligomers	  
reduced	   and	   of	   ring-‐like	   oligomers	   increased	   one	   may	   thus	   speculate	   that	  
PI(4,5)P2	  promotes	   the	   assembly	   of	   ring-‐like	   oligomers.	   	   The	  new	  data	   has	   now	  
been	   included	   in	   our	   revised	   manuscript	   and	   discussed	   (see	   new	   Fig.	  2,	   new	  
Results,	  section	  ‘Opposing	  roles	  of	  phosphoinositide	  and	  cholesterol‘,	  and	  revised	  
Discussion).	  
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Revised	   Figure	   1.	   Characterization	   of	   the	   assembly	   of	   GSDMDNterm	   oligomers.	   (A-‐C)	   AFM	  
topographs	   showing	   GSDMDNterm	   oligomers	   formed	   on	   supported	   lipid	   membranes	   (SLMs)	  
assembled	  from	  (A)	  POPC,	  DOPG,	  DOPS,	  DOPE,	  and	  CL	  (40:20:10:20:10	  molar	  ratio),	  (B)	  E.	  coli	  polar	  
lipid	  extract,	  or	  (C)	  E.	  coli	  polar	  lipid	  extract	  and	  cholesterol	  (70:30	  weight	  ratio).	  Scale	  bars,	  50	  nm.	  
(D-‐F)	  Topographs	  showing	  (D)	  arc-‐,	  (E)	  slit-‐	  and	  (F)	  ring-‐like	  GSDMDNterm	  oligomers	  formed	  on	  SLMs	  
assembled	  from	  POPC,	  DOPG,	  DOPS,	  DOPE,	  and	  CL	  (40:20:10:20:10	  molar	  ratio),	  E.	  coli	  polar	  lipid	  
extract,	  or	  E.	   coli	  polar	   lipid	  extract	  and	  cholesterol	   (70:30	  weight	   ratio).	   Scale	  bars,	  10	  nm.	   (G-‐I)	  
Height	  profiles	  of	  GSDMDNterm	  oligomers	  measured	  along	  the	  red	  lines	  in	  the	  AFM	  topographs	  (A-‐
C).	  Black	  dashed	  lines	  indicate	  the	  SLM	  surface	  (0	  nm	  height).	  Scale	  bars,	  10	  nm.	  (J-‐L)	  Distribution	  
of	  GSDMDNterm	  ring	  diameters	  formed	  into	  SLMs	  made	  from	  (J)	  POPC,	  DOPG,	  DOPS,	  DOPE,	  and	  CL,	  
(K)	  E.	  coli	  polar	   lipid	  extract	  and	  (L)	  E.	  coli	  polar	   lipid	  extract	  and	  cholesterol.	  Thin	  black	   lines	  are	  
Gaussian	  fits	  determining	  the	  mean	  ±	  SE	  values	  given	  for	  each	  distribution.	  (M)	  Average	  height	  of	  
GSDMDNterm	   oligomers	   protruding	   from	   the	   lipid	   bilayer.	   Shown	   are	   heights	   measured	   for	   ring-‐	  

(black)	  and	  slit-‐shaped	  (grey)	  oligomers	  formed	  in	  SLMs	  made	  from	  (i)	  POPC,	  DOPG,	  DOPS,	  DOPE,	  
and	  CL,	  (ii)	  E.	  coli	  polar	   lipid	  extract	  or	  (iii)	  E.	  coli	  polar	   lipid	  extract	  and	  cholesterol.	  Bars	  present	  
average	  and	  error	  bars	  SD.	  The	  full	  color	  range	  of	  the	  topographs	  corresponds	  to	  a	  vertical	  scale	  of	  
12	  nm.	  Averages	  and	  errors	  are	  summarized	  in	  Appendix	  Table	  S1.	  	  

	  

Reviewer	  #2:	  -‐	  The	  title	  of	  the	  first	  paragraph	  in	  the	  results	  section	  is	  misleading	  
because	  the	  authors	  said	  that	  GSDMD	  oligomerization	  depends	  on	  the	  lipid	  
composition,	  however	  later	  on	  in	  the	  text	  they	  specify	  that	  GSDMD	  assembly	  is	  not	  
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sensitive	  to	  the	  lipid	  composition	  (pag	  6).	  They	  should	  write	  again	  the	  title	  focusing	  
more	  on	  the	  Cholesterol	  role	  rather	  than	  lipids	  in	  general.	   

Authors:	   	   We	   apologize	   for	   the	   confusion	   created.	   	   We	   have	   corrected	   the	  
misleading	  title	  of	  the	  first	  paragraph.	  

	  

Reviewer	  #2:	  -‐	  On	  page	  5	  the	  authors,	  based	  on	  the	  low	  height	  of	  the	  structures	  
protruding	  the	  membrane,	  conclude	  that	  GSDMD	  monomers	  fully	  insert	  into	  the	  
membrane.	  This	  is	  a	  quite	  strong	  statement	  not	  supported	  by	  high	  resolution	  
structural	  data	   

Authors:	   	   Thank	   you,	   we	   agree.	   	   From	   our	   measurements,	   we	   cannot	  
unambiguously	   state	   that	   GSDMD	   fully	   inserted	   into	   the	   membrane.	   	   We	   have	  
revised	  the	  sentence	  to	  tone	  down	  the	  statement.	  

	  

Reviewer	  #2:	  -‐	  Fig	  2A	  provides	  the	  same	  information	  of	  fig	  1A	  and	  graph	  G	  in	  fig	  2	  
is	  the	  same	  than	  graph	  G	  in	  fig	  1	   

Authors:	  	  We	  apologize	  for	  having	  created	  confusion.	  	  For	  a	  direct	  comparison	  of	  
the	   data	   collected	   for	   different	   caspases,	   we	   decided	   to	   show	   GSDMDNterm	  
oligomers	   cleaved	   by	   caspase-‐1,	   -‐4	   and	   -‐5.	   	   In	   Fig.	  2A	   (now	   Fig.	  3A)	   we	   show	   a	  
different	  AFM	  topograph	  of	  GSDMDNterm	  oligomers	  (but	  also	  cleaved	  by	  caspase-‐1)	  
having	   a	   slightly	   higher	   resolution	   than	   the	   AFM	   topograph	   shown	   in	   Fig.	  1A.	  	  
Similarly,	   we	   now	   clearly	   referenced	   that	   the	   graph	   shown	   in	   Fig.	  3G	   has	   been	  
taken	  from	  Fig.	  1J	  and	  is	  shown	  to	  allow	  a	  better	  comparison	  of	  the	  data.	   

	  

Reviewer	  #2:	  -‐	  Figure	  s3	  does	  not	  provide	  any	  additional	  information	  (see	  fig	  3)	   

Authors:	   	   We	   apologize	   for	   the	   confusion	   created.	   	   Appendix	   Fig.	  S3	   (now	  
Appendix	   Fig.	  S7)	   shows	   an	   additional	   independent	   series	   of	   time-‐lapse	   AFM	  
topographs	   observing	   the	   formation	   of	   GSDMD	   rings	   fusing	   from	   arcs	   and	   slits.	  	  
We	  have	  revised	  text	  and	  Figure	  legend	  to	  clearly	  state	  this	  issue.	  	  	  

	  

Reviewer	  #2:	  -‐	  In	  the	  author	  contribution	  section	  some	  authors	  are	  not	  mentioned	   

Authors:	  	  Thank	  you	  we	  have	  corrected	  the	  contribution	  section.	  	   	  
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Point-‐by-‐point	  response	  to	  the	  comments	  of	  reviewer	  #3	  

	  

Reviewer	  #3:	  Mulvihill	  study	  the	  insertion	  and	  pore-‐formation	  of	  GSDMD	  N-‐termini	  
into	  membranes	  by	  AFM.	  They	  find	  that	  the	  structures	  formed	  are	  of	  different	  
shapes	  and	  sizes.	  The	  AFM	  pictures	  are	  impressive	  and	  of	  very	  high	  quality	  and	  
resolution.	  Taken	  that	  this	  is	  the	  strong	  part	  of	  the	  manuscript,	  the	  most	  should	  be	  
made	  of	  this,	  e.g.,	  the	  scale	  of	  height	  should	  be	  added	  and	  interpreted	  in	  all	  
pictures.	  The	  main	  criticism	  is	  that	  it	  is	  difficult	  to	  judge	  how	  relevant	  the	  data	  is	  
since	  a	  membrane	  on	  mica	  might	  not	  allow	  all	  conformations	  the	  protein	  might	  
assume	  in	  a	  real	  membrane.	  	  

Authors:	  	  We	  thank	  the	  reviewer	  for	  the	  encouraging	  and	  constructive	  comments	  
which	  guided	  us	  to	  revise	  our	  manuscript.	  	  The	  reviewer	  asks	  to	  provide	  the	  scale	  
of	  the	  height	  information	  to	  all	  AFM	  images.	  	  We	  have	  revised	  the	  figure	  legends	  
to	  define	  the	  vertical	  scale	  (height	  scale)	  of	  every	  AFM	  topograph	  shown.	  	  	  

The	  reviewer	  further	  comments	  that	  is	  difficult	  to	  judge	  how	  relevant	  the	  data	  is	  
since	  a	  membrane	  on	  mica	  might	  not	  allow	  all	  conformations	  a	  protein	  assumes	  in	  
a	   real	  membrane.	   	  We	  agree	   that	   supporting	   a	  membrane	   could	   indeed	   restrict	  
the	  conformations	  of	  a	  membrane	  protein.	  However,	  within	  the	  past	  20	  years	  we	  
have	   characterized	   more	   than	   20	   different	   membrane	   proteins	   in	   native	   and	  
reconstituted	   membranes	   adsorbed	   to	   mica	   and	   could	   never	   observe	   such	   an	  
artifact	  (Bippes	  &	  Muller,	  2011;	  Engel	  &	  Muller,	  2000).	  	  In	  this	  study,	  we	  have	  used	  
different	   supported	   lipid	   membranes	   as	   model	   systems	   to	   investigate	   the	  
assembly	   and	   pore	   formation	   of	   GSDMD	   and	   how	   the	   lipid	   composition	   of	   the	  
membrane	  itself	  can	  influence	  the	  pore	  formation.	  	  To	  revise	  our	  manuscript,	  we	  
have	  applied	  TEM	   imaging	   to	  characterize	  whether	   the	  assembly	  of	  GSDMD	   into	  
arc-‐,	  slit-‐	  and	  ring-‐like	  oligomers	   is	  an	  artifact	  caused	  by	  the	  mica	  supporting	  the	  
lipid	  membranes	  (Fig.	  R3.1).	   	   In	  the	  control	  experiments,	  liposomes	  suspended	  in	  
buffer	  solution	  were	  first	  incubated	  overnight	  with	  GSDMD	  and	  catalytic	  amounts	  
of	  caspase-‐1	  at	  37°C.	  	  Afterwards,	  the	  liposomes	  were	  imaged	  by	  TEM.	  	  The	  TEM	  
images	  show	  the	  co-‐existence	  of	  arc-‐,	  slit-‐	  and	  ring-‐like	  oligomers	  and	  thus	  support	  
our	  AFM	  results	  obtained	  using	  supported	   lipid	  membranes.	   	  The	  data	  has	  been	  
included	   and	   discussed	   in	   our	   revision	   (see	   revised	   Results,	   section	   GSDMDNterm	  

oligomerization	  in	  liposomes,	  and	  new	  Appendix	  Fig.	  S5).	  
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Figure	   R3.1,	   included	   as	   new	   Appendix	   Fig.	  S5.	   TEM	   of	   arc-‐,	   slit-‐	   and	   ring-‐shaped	   GSDMDNterm	  
oligomers	   on	   liposomes.	   (A	   and	   B)	   TEM	   images	   of	   liposomes	   incubated	   with	   GSDMD	   in	   the	  
presence	  of	  caspase-‐1.	  Upon	  adsorption	  to	  the	  TEM	  grid	  most	  of	  the	  liposomes	  fused	  forming	  lipid	  
membranes.	  GSDMDNterm	  oligomers	  inserted	  into	  lipid	  membranes	  are	  observed.	  (C	  and	  D)	  Higher	  
resolution	   images	   of	   arc-‐,	   slit-‐	   and	   ring-‐shaped	   oligomers	   formed	   by	   GSDMDNterm.	   Arc-‐like	  
oligomers	   are	   pointed	   out	   by	   single	   arrowheads	   and	   slit-‐like	   oligomers	   by	   double	   arrowheads.	  
Suspended	  liposomes	  made	  from	  E.	  coli	  polar	  lipid	  extract	  were	  incubated	  over	  night	  at	  37°C	  with	  
5	  µM	   GSDMD	   and	   1	  µM	   caspase-‐1.	   Samples	   were	   negatively	   stained	   with	   uranyl	   acetate	   and	  
imaged	  at	  120	  kV	  (Materials	  and	  Methods).	  Scale	  bars,	  200	  nm	  (A),	  100	  nm	  (B)	  and	  50	  nm	  (C	  and	  
D).	  
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D0EF6VJ?! !9&$!(3+.$/*!'/$!(,>! )(%A35$5! )(1,! 1&$! /$<)*$5!+'(3*%/)01! I*$$! 78>098H6
G89BM29=! *$%1),(! _C3.6('(,+$1$/! 1,0,;/'0&*! ,-! 4C7#7H1$/+! ,A);,+$/*d=! '(5!
/$<)*$5!D0EF WJ?

 
G8>098H6D0EB786WI6=/7<87M46D0EF6VF6A7;&I69M02&6N1H6701E&9:N58H6OPJ"JQ287<6/M0E/<87960<NE8H6N269B3&
1N1/<82876789/MB20/1F6IWJ6E);&6/$*,A31),(!W]#!1,0,;/'0&!,-!4C7#7H1$/+!,A);,+$/*!'**$+.A$5!,(!
CK#*!+'5$!-/,+!LMLO=!7ML4=!7MLC=!7MLN=!'(5!OK!ITURSURYURSURYU!+,A'/!/'1),J?!W-1$/!1&$!CK#!&'*!
.$$(!)(%3.'1$5!>)1&!4C7#7!'(5!%'*0'*$6Y!-,/!ZU!+)(!'1!P[\O=!1&$!]76.'*$5!W]#!1,0,;/'0&!>'*!
/$%,/5$5! )(! .3--$/! *,A31),(! '1! /,,+! 1$+0$/'13/$! I#$1&,5*J?! I@J! '(5! IOJ! 4C7#7H1$/+! ,A);,+$/*!
*&,>(! '1! &);&$/! +';()-)%'1),(?! W//,>*! )(5)%'1$! '5t'%$(1! *3.3()1*! ,-! ,A);,+$/*=! >&)%&! *&,>! '(!
'<$/';$! 5)*1'(%$! ,-! S?P!a!U?P!(+! I+$'(!a! C7=! (!n!YY[J?! 9&$! -3AA! %,A,/! /'(;$! ,-! 1&$! 1,0,;/'0&*!
%,//$*0,(5*!1,!'!<$/1)%'A!*%'A$!,-!YU!(+?!C%'A$!.'/*=!SU!(+!IWJ!'(5!YU!(+!I@!'(5!OJ?!I76]J!W<$/';$!
(3+.$/!,-!*3.3()1*!0$/!I7J!'/%6=!INJ!*A)16!'(5!I]J!/)(;6*&'0$5!4C7#7H1$/+!,A);,+$/?!9&)(!.A'%:!A)($*!
'/$!4'3**)'(! -)1*!3*$5! 1,!5$1$/+)($!+$'(!a!CN!,-! 1&$!5'1'=!(! )(5)%'1$*! 1&$!(3+.$/!,-!,A);,+$/*!
+$'*3/$5?!

!

!"#$"%"&'(,*!;),&!5&(.$%&5!'(.($'($0'!)*!(1&!'1.+&!.*5!5$.#&(&,!)2!(1&!+),&'!
'1)/%5!=&!+,&'&*(&5@!G'!(1&,&!.!#)'(70)##)*!5$.#&(&,!U!*/#=&,!)2!'/=/*$('!)2!
(1&!,$*-7'1.+&5!+),&!(1.(!$'!(1&!#)'(!'(.=%&C!),!5)!(1&!+),&'!c/'(!D&&+!-,)3$*-a!!

AB2:/79C! !G$! &'<$! (,>! ^3'(1)-)$5! 1&$!+$'(! (3+.$/! ,-! *3.3()1*! -,/+)(;! /)(;6
*&'0$5! 4C7#7! 0,/$*! I78>098H6 D0EF6WDJ=! >&)%&! )*! PU?S!a!U?e!I+$'(!a!CN=! (!n!ToJ?!!
9&$! *'+$! '('A2*)*! &'*! .$$(! 5,($! -,/! '/%6! '(5! *A)16A):$! ,A);,+$/*! I78>098H6
D0EF6WJI!J?! !G$!'A*,!'('A2D$5!1&$!*)D$!I'/$'J!,-!1&$!1/'(*+$+./'($!0,/$*!-,/+$5!
.2! '/%6! '(5! *A)16*&'0$5! ,A);,+$/*! ID0EF6G-F'J?! ! G&$/$'*! '/%6! '(5! *A)16*&'0$5!
,A);,+$/*! -,/+! 0,/$*! /'(;)(;! -/,+! l!SU! 1,! YeU!(+S! I>)1&! QT?Y!a!S?e!(+S=!



The EMBO Journal - Peer Review Process File 
 

 
© European Molecular Biology Organization 29 

+$'(!a!CN=!(!n!SZQJ=! 1&$!0,/$! *)D$! -,/+$5!.2! /)(;6*&'0$5!,A);,+$/*! /'(;$*! -/,+!
l!PU!1,![QU!(+S!I>)1&!YQe!a!T?P!(+S=!(!n!Y[oJ?!!

!
D0EB786G-F'F6A78N6/=627N19<8<37N1865/7896=/7<8H6346YAU6N7;&6N1H69M02&9:N58H6N1H6Y#U6701E&9:N58H6
OPJ"JQ287<6/M0E/<879F!9&)(!.A'%:!A)($*!'/$!4'3**)'(!-)1*!3*$5!1,!5$1$/+)($!1&$!+$'(!'(5!CN!,-!1&$!
5'1'?! *! ;)<$*! 1&$! (3+.$/*! ,-! 0,/$*! '('A2D$5?! 9&$! 5'1'! >'*! 1':$(! -/,+! &);&6/$*,A31),(! W]#!
1,0,;/'0&*!*3%&!'*!*&,>(!)(!D0EF6W?!

9&$! /$<)$>$/! -3/1&$/!'*:*!>&$1&$/! 1&$! /)(;6*&'0$5!0,/$*!:$$0!,(!;/,>)(;?! !G$!
&'<$! '('A2D$5! ,3/! 1)+$6A'0*$! W]#! )+';$*! 1,! '(*>$/! 1&)*! ^3$*1),(! ID0EF6G-F-I6
01;MBH8H6 N96 18?6 A5581H0R6 D0EF6P+J?! ! 9&$! 5'1'! *&,>! 1&'1! 1&$! *)D$! ,-! 1&$! 0,/$*!
-,/+$5!.2!'/%6!'(5!*A)16*&'0$5!4C7#7H1$/+!,A);,+$/*!%'(!)(%/$'*$!>)1&!1)+$?!!9&$!
'('A2*)*=!&,>$<$/=!'A*,!*&,>*!1&'1!4C7#7H1$/+!/)(;*=!,(%$!-,/+$5!'/$!:)($1)%'AA2!
*1'.A$!I0A'1$'3*!/$'%&$5!)(!D0EF6G-F-D&XJ?!!M(A2!<$/2!/'/$A2!>$!,.*$/<$5!1&$!/)(;*!1,!
,0$(! 1,! -3/1&$/! )(%/$'*$! )(! *)D$?! ! G$! &'<$! )(%A35$5! 1&)*! )(-,/+'1),(! )(1,! ,3/!
/$<)*$5! +'(3*%/)01! I*$$! 78>098H6 G89BM29=! *$%1),(*! _V+';)(;! 4C7#7H1$/+!
,A);,+$/)D'1),(! '(5! 0,/$! -,/+'1),(d! '(5! _C3.6('(,+$1$/! 1,0,;/'0&*! ,-!
4C7#7H1$/+!,A);,+$/*d=!78>098H6D0EF6WI6'(5618?6A5581H0R6D0EF6P+J?!

6

!
D0EB786 G-F-I6 01;MBH8H6 N96 18?6 A5581H0R6 D0EF6 P+F6 A1NM49096 /=6 2:86 9B7=N;86 N78N6 /=6 2:86
27N19<8<37N186 5/786 =/7<8H6 346 OPJ"JQ287<6 /M0E/<8796 />876 20<8F! IW6NJ! 9)+$6A'0*$! W]#!
1,0,;/'0&*! *&,>)(;! 1&$! '**$+.A2! '(5! 0,/$! -,/+'1),(! ,-! 4C7#7H1$/+! ,A);,+$/*! ,(! CK#*!+'5$!
-/,+! LMLO=! 7ML4=! 7MLC=! 7MLN=! '(5! OK! ITURSURYURSURYU! +,A'/! /'1),J?! 9)+$! *1'+0*! )(5)%'1$!
+)(31$*?!I]6KJ!C3/-'%$!'/$'!,-!1/'(*+$+./'($!0,/$*!+$'*3/$5!)(!1)+$6A'0*$!W]#!1,0,;/'0&*?!I]J!
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was	  taken	  from	  (A),	  (G)	  from	  (B),	  (J)	  from	  (C),	  (K)	  from	  (D)	  and	  (L)	  from	  (E).	  The	  full	  color	  range	  of	  
the	   topographs	   corresponds	   to	   a	   vertical	   scale	   of	   7.4	  nm.	   Scale	   bars,	   10	  nm.	   Topographs	   were	  
extracted	  from	  time-‐lapse	  topographs	  shown	  in	  Fig.	  4	  and	  Appendix	  Figs.	  S7	  and	  S8.	  

	  

Reviewer	  #3:	  We	  would	  have	  expected	  more	  orderly	  structures.	  Using	  this	  
experimental	  system,	  do	  other,	  better	  studied	  pore-‐forming	  proteins	  also	  assume	  
such	  divers	  pore	  shapes?	  How	  representative	  is	  this	  of	  the	  physiological	  structure?	  	  

Authors:	   	   The	   reviewer	   asks	   whether	   other	   pore-‐forming	   proteins	   also	   assume	  
such	  diverse	  pore	  shapes.	  	  Yes,	  other	  pore-‐forming	  proteins	  including	  cholesterol-‐
dependent	   cytolysins	   or	   membrane	   attack	   complex/perforin	   (MACPF)	   also	  
assemble	  arc-‐,	  slit-‐	  and	  ring-‐like	  oligomers	  all	  of	  which	  giving	  rise	  to	  diverse	  pore	  
shapes	   (Hodel	   et	   al,	   2016;	   Leung	   et	   al,	   2014;	   Leung	   et	   al,	   2017;	  Mulvihill	   et	   al,	  
2015;	  Sonnen	  et	  al,	  2014;	  van	  Pee	  et	  al,	  2016).	  	  How	  these	  proteins	  assemble	  and	  
form	  transmembrane	  pores	  can	  differ	  substantially.	  	  The	  surprising	  finding	  of	  our	  
study	   is	   that	   GSDMDNterm	   oligomers	   show	   very	   similar	   shapes	   as	   other	   pore	  
forming	  proteins/toxins	  produced	  by	  bacteria.	  	  However,	  the	  growing	  mechanism	  
of	   GSDMDNterm	   into	   diverse	   oligomeric	   and	   pore	   shapes	   appears	   to	   be	   less	  
common.	  	  	  

The	   reviewer	   further	   asked	   how	   representative	   the	   observed	   variety	   of	  
GSDMDNterm	  oligomers	   is	   for	   the	  physiological	   structure.	   	   Recent	  publications	  on	  
GSDMDNterm	  oligomers	  have	  already	  shown	  their	  ring	  and	  pore	  size	  to	  vary	  (Ding	  et	  
al,	   2016;	  Sborgi	   et	  al,	   2016).	   	   It	   is	   thus	  not	   surprising	   that	  we	  also	  observe	   such	  
variety.	   	   However,	   the	   structural	   variation	   of	   the	   arc-‐,	   slit-‐	   and	   ring-‐like	  
GSDMDNterm	  oligomers,	  the	  dynamic	  fusion	  of	  arcs	  and	  slits	  into	  ring-‐like	  oligomers	  
and	  the	  observation	  that	  each	  of	  the	  oligomeric	   forms	  can	  form	  transmembrane	  
pores	  is	  new.	  	  

We	  have	  revised	  our	  manuscript	   to	  briefly	  elaborate	  on	  both	   issues	   (see	  revised	  
Discussion). 

	  

Reviewer	  #3:	  Why	  do	  they	  only	  test	  the	  E.	  coli	  membrane	  with	  and	  without	  
cholesterol,	  not	  also	  the	  synthetic	  membrane?	  	  

Authors:	  	  The	  composition	  of	  some	  lipid	  membranes	  used	  in	  this	  work	  mimic	  that	  
of	   an	   E.	  coli	  membrane.	   	   However,	   in	   our	   revision	   we	   have	   additionally	   tested	  
several	  other	   lipid	  mixtures,	  which	  more	  closely	  mimic	  those	  of	  mammalian	  cells	  
(Figs.	  R3.4,	  R3.5	  and	   R3.6,	   now	   included	   as	  new	  Appendix	   Figs.	  S6	  and	   S11	  and	  
new	   Fig.	  2).	   	   The	   new	   experiments	   particularly	   tested	   the	   role	   of	  
phosphoinositides	  and	  cholesterol	  (Fig.	  2	  and	  new	  Appendix	  Fig.	  S6).	  	  In	  summary,	  
we	   now	   have	   tested	   eleven	   different	   lipid	   mixtures	   for	   GSDMD	   binding,	  
oligomerization	   and	   pore	   formation	   (summarized	   in	   new	   Appendix	   Table	   S3).	  	  
Taken	   together,	   the	   experiments	   show	   that	   if	   GSDMDNterm	   binds	   and	   inserts,	   it	  
forms	  arc-‐,	  slit-‐	  and	  ring-‐like	  oligomeric	  structures	  and	  transmembrane	  pores.	  	  The	  
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'55)1),('A! $B0$/)+$(1*! *3;;$*1! 1&'1! 1&$! .)(5)(;! '(5! )(*$/1),(! ,-! 4C7#7H1$/+!
5$0$(5! ,(! 1&$! A)0)5! %,+0,*)1),(! ,-! 1&$! +$+./'($=! .31! 1&'1! 1&$! ,A);,+$/)%!
'**$+.A2! '(5! 0,/$! -,/+'1),(! /'1&$/! '00$'/*! 1,! .$! '! 0/,0$/12! )(1/)(*)%! 1,!
4C7#7H1$/+?! ! G$! &'<$! /$<)*$5! ,3/! +'(3*%/)01! 1,! )(%A35$! 1&$! '55)1),('A!
$B0$/)+$(1'A!5'1'!'(5!1,!5)*%3**!1&$*$!-)(5)(;*!+,/$!%A$'/A2!I*$$!78>098H6G89BM29!
'(5!J09;B990/1=!18?6D0EF6-I!18?!A5581H0R6 D0E9F6 PT6'(56 P))I6'(56 18?6A5581H0R6
SN3M86P-J?!

 
D0EB786 G-FVI6 01;MBH8H6 N96 18?6 A5581H0R6 D0EF6 P))F! S0<8&MN5986 2/5/E7N5:96 /=6 OPJ"JQ287<6

/M0E/<870[N20/16 N1H6 5/786 =/7<N20/16 016 PX"96 <NH86 =7/<6 .$.O6 N1H6 .$.KF! 9&$! -)/*1! W]#!
1,0,;/'0&*!'1!1&$!A$-1!*&,>!CK#*!+'5$!-/,+!IWJ!LML4!,/!I@J!LMLO!.$-,/$!,-!1&$)/!)(%3.'1),(!>)1&!
4C7#7!'(5!%'*0'*$6Y?!9&$!-,AA,>)(;!W]#!1,0,;/'0&*!*&,>!1&$!CK#*!)(%3.'1$5!>)1&!4C7#7!'(5!
%'*0'*$6Y!.3--$/!*,A31),(!'1!P[\O?!V(!$'%&!1,0,;/'0&!1&$!1)+$!0,)(1!,-!1&$!)(%3.'1),(!)*!)(5)%'1$5!
.2! 1&$! 1)+$! *1'+0! I)(!+)(J?! 9&$! 1)+$6A'0*$! ]76.'*$5! W]#! 1,0,;/'0&*! >$/$! /$%,/5$5! )(! .3--$/!
*,A31),(! '1! P[\O! '*! 5$*%/).$5! I"N2870NM96 N1H!"82:/H9J?! 9&$! -3AA! %,A,/! /'(;$! ,-! 1&$! 1,0,;/'0&*!
%,//$*0,(5*!1,!'!<$/1)%'A!*%'A$!,-!YU!(+?!C%'A$!.'/*=!QU!(+?!

 
D0EB786G-FWI6 01;MBH8H6N9618?6D0EF6'F!!==8;26/=65:/95:/01/9020H86/16 2:86N998<3M46/=6OPJ"JQ287<6
/M0E/<8796N1H65/789F!IW6OJ!W]#!1,0,;/'0&*!*&,>)(;!4C7#7H1$/+6,A);,+$/*!-,/+$5!,(!CK#*!+'5$!
-/,+!IWJ!LMLC=!7MLN!'(5!LMLO!IPQRSQRTU!+,A'/!/'1),J=!I@J!LMLC=!7MLN!'(5!LMLV!IPQRSQRTU!+,A'/!
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/'1),J=!'(5!IOJ!LMLC=!7MLN!'(5!LVIT=QJLS!IPQRSQRTU!+,A'/!/'1),J?!I7!'(5!NJ!9,0,;/'0&*!*&,>)(;!'/%6
=! *A)16! '(5! /)(;6A):$!4C7#7H1$/+6,A);,+$/*! -,/+$5! ,(! CK#*! '**$+.A$5! -/,+! I7J! LMLC=! 7MLN! '(5!
LMLO!IPQRSQRTU!+,A'/!/'1),J!'(5!INJ!LMLC=!7MLN!'(5!LVIT=QJLS!IPQRSQRTU!+,A'/!/'1),J?!I]6EJ!E$);&1!
0/,-)A$*!,-!4C7#7H1$/+6,A);,+$/*!+$'*3/$5!'A,(;!1&$!/$5!A)($*! )(5)%'1$5!)(!1&$!1,0,;/'0&*!IW6OJ?!
@A'%:! 5'*&$5! A)($*! )(5)%'1$! 1&$! CK#! *3/-'%$! IU!(+! &$);&1J?! IV6`J! 7)'+$1$/! ,-! 4C7#7H1$/+6 /)(;6
*&'0$5!,A);,+$/*!-,/+$56,(!CK#*!+'5$!-/,+!IVJ!LMLC=!7MLN!'(5!LMLO!'(5!I`J!LMLC=!7MLN!'(5!
LVIT=QJLS?!9&)(!.A'%:!A)($*!'/$!4'3**)'(!-)1*!5$1$/+)()(;!1&$!+$'(!a!CN!<'A3$*!,-!$'%&!5)*1/).31),(?!
IbJ!H3+.$/!,-!'/%6=!*A)1=!'(5!/)(;6*&'0$5!4C7#7H1$/+!,A);,+$/*!-,/+$5!,(!CK#*!+'5$!-/,+!LMLC=!
7MLN! '(5! LMLO! I.A'%:! .'/*J! ,/! LMLC=! 7MLN! '(5! LVIT=QJLS! I;/$2! .'/*J?! @'/*! '(5! <'A3$*! 0/$*$(1!
'<$/';$*!'(5!$//,/!.'/*!C7?!9&$!-3AA!%,A,/!/'(;$!,-!1&$!1,0,;/'0&*!%,//$*0,(5*!1,!'!<$/1)%'A!*%'A$!
,-!YS!(+?!C%'A$!.'/*=!YUU!(+!IW6OJ=!SU!(+!I7!'(5!NJ!'(5!YU!(+!I]6EJ?!W<$/';$*!'(5!$//,/*!'/$!;)<$(!
)(!1&$!1$B1!'(5!*3++'/)D$5!)(!A5581H0R6SN3M86P)? 

!
D0EB786 G-FTI6 01;MBH8H6 N96 18?6 A5581H0R6 D0EF6PTF! !==8;26 /=6 ;:/M89287/M6 /16 2:86 N998<3M46 /=6
OPJ"JQ287<6 /M0E/<8796 01! 5:/95:/01/9020H8&;/12N0101E6 M050H6 <8<37N189F! M<$/<)$>! '(5! &);&6
/$*,A31),(!W]#!1,0,;/'0&*!*&,>)(;!4C7#7H1$/+6,A);,+$/*!-,/+$5!,(!CK#*!+'5$!-/,+!IW!'(5!@J!
LMLC=!LMLO=!7MLN!'(5!LVIT=QJLS!IPQRPURSQRYU!+,A'/!/'1),J=!IO!'(5!7J!LMLC=!LMLO=!7MLN=!LVIT=QJLS!
'(5! %&,A$*1$/,A! IPURSZRSYReRYQ! +,A'/! /'1),J=! '(5! IN! '(5! ]J! LMLC=! LMLO=! 7MLN=! LVIT=QJLS! '(5!
%&,A$*1$/,A! ISTRSYRYeR[RPU!+,A'/! /'1),J?!9&$! -3AA! %,A,/! /'(;$! ,-! 1&$! 1,0,;/'0&*! %,//$*0,(5*! 1,! '!
<$/1)%'A!*%'A$!,-!Q!(+?!C%'A$!.'/*=!YUU!(+!IW=!O!'(5!NJ!'(5!QU!(+!I@=!7=!'(5!]J?!!

!

!"#$"%"&'(,I!`1.(!1.++&*'!$2!6:8;8!.*5!L.'+>!3$(1)/(!(1&!#&#=,.*&!=&$*-!
.,)/*5!.*5!%.(&,!.55&5!()!(1&!#&#=,.*&a!G'!$(!$#+),(.*(!(1.(!(1&!6:8;8!B7(&,#!
$'!P2,&'1Pa!!

AB2:/79C! ! 9,! '(*>$/! 1&)*! ^3$*1),(!>$! 0/$6)(%3.'1$5! 4C7#7! '(5! %'*0'*$6Y! -,/!
ZU!+)(!'1!P[\O!)(!1&$!'.*$(%$!,-!A)0)5!+$+./'($*?!!9&)*!0/$6)(%3.'1$5!*'+0A$!>'*!
1&$(! )(%3.'1$5!,(!CK#*!+'5$!-,/+!Q@!0)%$!0,A'/! A)0)5!$B1/'%1! -,/!ZU!+)(!'1!P[\O?!!
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W-1$/!1&$!)(%3.'1),(!1)+$=!1&$!CK#*!>$/$!/)(*$5!>)1&!.3--$/!*,A31),(!'(5!)+';$5!
'1!/,,+!1$+0$/'13/$!.2!W]#?!!9&$!W]#!1,0,;/'0&*!*&,>!1&'1!4C7#7H1$/+!%,3A5!
*1)AA!-,/+!'!-$>!,A);,+$/*!)(1,!1&$!A)0)5!+$+./'($*!ID0EF G-F*J?!!E,>$<$/=!)(*1$'5!
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Figure	  R3.8,	   included	  as	  new	  Appendix	  Fig.	  S4.	  TEM	  of	   liposomes,	  of	   liposomes	   incubated	  with	  
human	  GSDMD	  in	  the	  absence	  of	  caspase-‐1,	  and	  of	  human	  GSDMD	  incubated	  with	  caspase-‐1.	  (A)	  
TEM	  image	  of	  liposomes	  made	  from	  E.	  coli	  polar	  lipid	  extract.	  During	  the	  adsorption	  onto	  the	  TEM	  
grid	   liposomes	  fuse	  with	  each	  other	  forming	  lipid	  membranes.	  Liposomes	  made	  from	  other	   lipids	  
used	  in	  this	  work	  appeared	  very	  similar	  (not	  shown	  here).	  (B)	  TEM	  image	  of	  liposomes	  made	  from	  
E.	  coli	  polar	  lipid	  extract	  and	  incubated	  with	  5	  µM	  GSDMD	  in	  the	  absence	  of	  caspase-‐1.	  None	  of	  the	  
lipid	  membranes	  imaged	  (n	  >	  50)	  showed	  arc-‐,	  slit-‐	  or	  ring-‐like	  structures.	  (C)	  TEM	  image	  of	  GSDMD	  
(5	  µM)	   incubated	   with	   caspase-‐1	   (0.1	  μM)	   overnight	   at	   37°C	   in	   the	   absence	   of	   liposomes.	   The	  
image	  shows	  no	  arc-‐,	  slit-‐	  or	  ring-‐like	  structures.	  Scale	  bars,	  500	  nm	  (A)	  and	  100	  nm	  (B	  and	  C). 

In	   addition,	   as	   replied	   further	   above	   to	   the	   reviewer,	   recent	   publications	   on	  
GSDMDNterm	  oligomers	  showed	  their	  ring	  and	  pore	  size	   to	  vary	   (Ding	  et	  al,	  2016;	  
Sborgi	  et	  al,	  2016).	   	   It	   is	   thus	  not	  surprising	  that	  we	  also	  observe	  such	  variety	  of	  
the	  oligomeric	  forms.	  	  Taken	  together,	  we	  have	  now	  investigated	  the	  GSDMDNterm	  
oligomer	   formation	   on	   membranes	   assembled	   from	   eleven	   different	   lipid	  
compositions	   (new	   Appendix	   Table	   S3).	   	   The	   experiments	   show	   that	   the	  
composition	  of	  the	   lipid	  membrane	   influences	  on	  whether	  GSDMDNterm	  can	  bind,	  
insert	  and	  assemble	  oligomers.	  	  However,	  our	  experiments	  also	  show	  that	  the	  arc-‐
,	  slit-‐	  and	  ring-‐like	  oligomers	  assembled	  by	  GSDMDNterm	  appear	  to	  be	  independent	  
of	   the	   lipid	   composition	   and	   thus	   appear	   to	   reflect	   an	   intrinsic	   property	   of	  
GSDMDNterm.	   	   We	   have	   revised	   our	   manuscript	   to	   include	   the	   additional	  
experimental	  data	  and	  control	  experiments	  and	  to	  explain	  this	  issue	  in	  detail	  (see	  
revised	  Results	  and	  Discussion,	  new	  Fig.	  3,	  new	  Appendix	  Figs.	  S6,	  S11	  and	  new	  
Appendix	  Table	  S3).	  

	  

Reviewer	  #3:	  The	  protrusion	  (Z-‐Axis)	  should	  be	  depicted	  separately	  and	  quantified	  
not	  only	  in	  Figure	  1.	  	  

Authors:	   	  Thank	  you.	   	  We	  now	  specify	   the	  vertical	   scale	   for	  each	   figure	  showing	  
AFM	  topographs.	  

	  

Reviewer	  #3:	  The	  use	  of	  supported	  lipid	  membranes	  on	  mica	  (a	  solid	  carrier)	  could	  
be	  a	  problem	  if	  the	  GSDMD	  pore	  involves	  GSDMD	  molecules	  protruding	  from	  the	  
membrane	  on	  the	  outer	  side.	  The	  authors	  should	  comment	  how	  this	  is	  dealt	  with	  in	  
the	  field	  for	  other	  pore-‐forming	  proteins	  	  
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Authors:	   	   Thank	   you,	   we	   have	   addressed	   this	   concern	   of	   the	   reviewer	   by	  
answering	   his/her	   questions	   further	   above	   and	   conducted	   control	   experiments	  
(AFM	  and	  TEM	   imaging)	  showing	   that	   the	  solid	  carrier	   (mica)	  does	  not	   influence	  
the	  GSDMDNterm	  assembly	  (Figs.	  R3.1,	  R3.4,	  and	  R3.5,	  which	  were	  included	  as	  new	  
Appendix	   Figs.	  S3,	   S4	   and	   S5).	   	   Notably,	   we	   and	   others	   have	   shown	   in	   earlier	  
experiments	   that	   membrane	   proteins	   in	   supported	   lipid	   membranes	   can	   freely	  
diffuse	  (Muller	  et	  al,	  2003),	  which	   is	  also	  revealed	   in	  our	  time-‐lapse	  AFM	  images	  
showing	  that	  GSDMDNterm	  oligomers	  change	  positions	  between	  the	  images	  (Fig.	  4	  
and	   Appendix	   Figs.	  S7	   and	   S8).	   	   It	   has	   been	   shown	   that	   a	   lipid	   membrane	  
supported	  by	  mica	  is	  separated	  from	  the	  mica	  by	  ≈	  1	  nm,	  which	  corresponds	  to	  a	  
few	  water	  layers	  allowing	  the	  proteins	  diffusing	  (Tanaka	  &	  Sackmann,	  2005).	  	  

	  

Reviewer	  #3:	  In	  Figure	  4,	  the	  central	  part	  in	  some	  pores	  is	  obviously	  protruding	  
higher	  than	  the	  surrounding	  ring.	  Why	  is	  this	  not	  quantified?	  Could	  this	  be	  a	  
consequence	  of	  a	  secondary	  structure	  trying	  to	  form	  (that	  might	  be	  able	  to	  
stabilize	  the	  ring	  and	  stop	  its	  growth)?	  The	  presence	  of	  GSDMD	  in	  the	  middle	  of	  the	  
pore	  is	  even	  depicted	  in	  Figure	  5	  (final	  stage),	  but	  not	  sufficiently	  discussed.	  
However,	  the	  model	  shown	  does	  not	  properly	  represent	  the	  obtained	  data	  because	  
the	  different	  height	  of	  the	  protein	  in	  the	  center	  of	  the	  pore	  in	  the	  terminal	  stage	  is	  
not	  shown.	  	  

Authors:	   	   Thank	   you.	   	   We	   agree	   that	   this	   central	   part	   of	   the	   ring-‐shaped	  
GSDMDNterm	  oligomers	  plays	  a	  central	  role.	  	  We	  have	  revised	  the	  conclusive	  Fig.	  6	  
(formerly	   Fig.	  5)	   to	   describe	   this	   process	   better.	   	   As	   observed	   in	   the	   AFM	  
topographs,	   Fig.	   6	   now	   depicts	   arcs	   and	   slits	   assembling	   into	   larger	   oligomers.	  	  
Occasionally,	   the	   pores	   of	   GSDMDNterm	   ring-‐like	   oligomers	   contained	   some	  
material,	  which	  presumably	   resulted	   from	   lipids	  and	  GSDMDNterm	  molecules	   that	  
could	   not	   be	   integrated	   during	   formation	   of	   the	   ring.	   	   Our	   time-‐lapse	   AFM	  
topographs	  show	  that	  this	  material	  can	  exit	  from	  the	  pore	  lumen,	  leaving	  an	  open	  
transmembrane	  pore	  behind.	   	  The	  exit	  of	  the	  material	  trapped	  inside	  the	  pore	  is	  
preceded	  by	   its	  height	  increasing	  (such	  as	  observed	  in	  the	  time-‐lapse	  topographs	  
shown	  in	  Fig.	  4,	  when	  looking	  at	  the	  oligomers	  recorded	  in	  the	  upper	  third	  of	  the	  
topographs,	   frames	   taken	   between	   55	   and	   91	  min	   (red	   arrows).	  We	   have	   now	  
revised	   the	   manuscript	   to	   discuss	   this	   issue	   more	   clearly	   (see	   revised	   Results,	  
Discussion	  and	  Figs.	  5	  and	  6).	  
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Revised	  Figure	  6,	   formerly	  Fig.	  5.	  Model	  of	  GSDMDNterm	  oligomerization	  and	  pore	   formation.	   (i)	  
Human	   GSDMD	   is	   cleaved	   by	   inflammatory	   caspase-‐1,	   -‐4	   or	   -‐5.	   (ii)	   Afterwards,	   the	   cleaved	   N-‐
terminal	  GSDMD	  domain	  GSDMDNterm	  binds	  to	  the	  lipid	  membrane	  where	  it	  (iii)	  oligomerizes	   into	  
slit-‐,	  arc-‐,	  and	  ring-‐shaped	  structures.	  (iv)	  Arc-‐	  and	  slit-‐shaped	  oligomers	  can	  fuse	  into	  larger	  ring-‐
shaped	  oligomers.	  Alternatively,	  oligomers	  may	  grow	  by	  assembling	  GSDMDNterm	  molecules	  to	  their	  
free	  ends.	  During	  this	  process,	  GSDMDNterm	  oligomers	  do	  not	  significantly	  change	  height	  above	  the	  
lipid	   membrane,	   suggesting	   the	   absence	   of	   large	   conformational	   changes.	   While	   each	   of	   the	  
oligomeric	   species	   can	   form	   lytic	   transmembrane	  pores,	   the	   slit-‐,	   and	  arc-‐shaped	  structures	   fuse	  
into	  ring-‐shaped	  structures	  in	  a	  time-‐dependent	  manner.	  This	  suggests	  that	  ring-‐shaped	  oligomers	  
are	  thermodynamically	  more	  stable	  than	  the	  other	  oligomeric	  species.	  (v)	  Upon	  fusing	  into	  larger	  
oligomers	   GSDMDNterm	   and	   lipids	   may	   remain	   trapped	   inside	   the	   oligomer.	   (vi)	   With	   time,	   the	  
trapped	  material	  loosens	  from	  the	  membrane,	  increases	  height	  and	  exits	  to	  the	  solution.	  	  

	  

Reviewer	  #3:	  If	  the	  authors	  want	  to	  reach	  the	  broad	  readership	  of	  the	  EMBO	  
Journal,	  they	  should	  explain	  why	  they	  think	  their	  synthetic	  membrane	  is	  
physiologically	  relevant	  and	  how	  it	  is	  composed.	  The	  abbreviations	  are	  not	  
explained	  anywhere.	  	  

Authors:	  	  We	  thank	  the	  reviewer.	  	  In	  our	  paper,	  we	  have	  shown	  that	  GSDMDNterm	  
inserts	   and	   assembles	   pore-‐forming	   arc-‐,	   slit-‐	   and	   ring-‐shaped	   oligomers	   in	  
different	   model	   membranes.	   	   It	   is	   standard	   to	   the	   field	   that	   the	   formation	   of	  
oligomeric	   pores	   is	   structurally	   characterized	   using	   synthetic	   lipid	   membranes.	  	  
Following	  the	  reviewer’s	  suggestion	  and	  to	  further	  strengthen	  our	  manuscript,	  we	  
have	   included	   additional	   experiments	   showing	   that	   GSDMDNterm	   forms	   arc-‐,	   slit-‐	  
and	  ring-‐like	  transmembrane	  pores	  in	  a	  broad	  variety	  of	  different	  lipid	  membranes	  
(new	  Fig.	  3	  and	  new	  Appendix	  Figs.	  S6	  and	  S11).	  All	  together	  we	  have	  now	  tested	  
eleven	   different	   lipid	   membrane	   compositions	   (summarized	   in	   Appendix	   Table	  
S3).	   	   In	   our	   new	   experiments,	   we	   have	   for	   example	   investigated	   the	   effect	   on	  
GSDMDNterm	  binding	  and	  oligomerization	  of	  phosphatidylinositide	  and	  cholesterol	  
in	  a	  lipid	  mixture	  mimicking	  the	  cytoplasmic	  leaflet	  of	  the	  plasma	  membrane,	  the	  
physiological	  target	  of	  GSDMD.	  	  The	  reasons	  why	  we	  decided	  to	  prepare	  our	  own	  
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lipid	   mixtures	   instead	   of	   using	   commercially	   available	   lipid	   extracts	   from	  
mammalian	  sources	  are	  the	  following:	  	  

(i)	  Lipid	  extracts	  are	  often	  “dirty”.	  They	  are	  chloroform	  extracts	  of	  the	  respective	  
tissue	   and	   contain	   not	   only	   lipids	   but	   also	   several	   other	   hydrophobic	  molecules	  
that	  like	  to	  partition	  in	  the	  organic	  phase.	  This	  dirt	  tends	  to	  contaminate	  the	  AFM	  
tip	  affecting	  the	  imaging	  quality	  and	  the	  resolution	  of	  the	  AFM	  topographs.	  	  

(ii)	  Preparing	  our	  own	   lipid	  mixtures	  allows	  us	  to	  address	  the	  effect	  of	   individual	  
lipids	  one	  at	  a	  time	  and	  to	  take	  into	  account	  the	  asymmetric	  distribution	  of	  lipids	  
in	  biological	  membranes.	  

For	  all	   lipid	  membranes,	  we	  have	  observed	  that	   if	  GSDMDNterm	  binds	   to	   the	   lipid	  
membrane	   it	   can	   also	   assemble	   slit-‐,	   arc-‐,	   and	   ring-‐like	   oligomers	   and	  
transmembrane	  pores.	   	  We	   can	   thus	   conclude	   that	   the	  binding	   and	   insertion	  of	  
GSDMDNterm	   into	   lipid	  membrane	  depends	  on	   the	   lipid	  composition	  and	   that	   the	  
oligomeric	  assembly	  described	  in	  our	  paper	  is	  a	  general	  property	  of	  GSDMD.	  	  We	  
have	   included	   the	  new	  data	   showing	   the	  generality	   for	   the	  GSDMDNterm	  binding,	  
assembly	  and	  pore-‐forming	  mechanism	  and	  discussed	  it	  accordingly	  in	  our	  revised	  
manuscript	   (see	   revised	   Results,	   revised	   Discussion,	   new	   Fig.	  3	   and	   new	  
Appendix	  Figs.	  S6	  and	  S11).	  

Furthermore,	   we	   have	   carefully	   revised	   our	   manuscript	   to	   introduce	   all	  
abbreviations	  used,	  including	  those	  of	  the	  lipids.	  	  

	  

Reviewer	  #3:	  Why	  do	  the	  authors	  keep	  repeating	  the	  composition	  of	  their	  
membrane	  including	  the	  ratios	  throughout	  the	  manuscript	  if	  it	  is	  always	  the	  same?	  
It	  is	  enough	  the	  just	  say	  "SLM"	  after	  it	  was	  first	  mentioned,	  unless	  it	  differs.	  	  

Authors:	   	   We	   have	   reduced	   redundancy	   of	   the	   descriptions	   as	   far	   as	   possible.	  	  
However,	   in	   particular	   in	   the	   revised	   version	   of	   the	  manuscript,	  where	  we	   now	  
characterize	   a	   larger	   variety	   of	   eleven	   different	   lipid	  mixtures,	  we	   feel	   that	   it	   is	  
essential	   to	   keep	   on	   specifying	   repetitively	   which	   lipid	   membrane	   composition	  
was	   characterized	   in	   which	   experiment.	   	   The	   new	  Appendix	   Table	   S3	   gives	   an	  
overview	  of	  the	  lipid	  compositions	  characterized.	  

	  

Reviewer	  #3:	  In	  the	  first	  sentence,	  "been"	  is	  missing,	  or	  it	  should	  be	  "was"	  instead	  
of	  "has".	  	  

Authors:	  	  Thank	  you.	  	  The	  sentence	  has	  been	  corrected.	  	  
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2nd Editorial Decision 30th April 2018 

Thank you for submitting your manuscript to The EMBO Journal. Your study has now been re-
reviewed by the referees and they very much appreciate the introduced changes. I am therefore very 
pleased to accept the manuscript for publication here. Before I can send you the formal acceptance 
letter there are just a few minor changes needed.  
 
- Please respond to referees #2 last few comments either in the point-by-point response or in the 
text.  
 
 
------------------------------------------------  
 
REFEREE REPORTS. 
 
Referee #1:  
 
The authors did a very good job in revising their manuscript. My previous comments and criticisms 
have been sufficiently addressed. The manuscript shall be ready for publication now.  
 
 
Referee #2:  
 
The authors have addressed the reviewer's concerns adequately and the manuscript is ready for 
publication. Just a couple of minor questions:  
 
- They explain why POPS, DOPE and POPI does not contribute to GSDMD pore formation. Can 
they also speculate why the POPS, DOPE and POPC system (with the same mol ratio) does? Does 
this mean that POPC somehow contributes to GSDMD pore formation as well, although to a less 
extend than PI(4,5)P2 ?  
 
- In their reply to reviewer 1 they state that their AFM assay is sufficiently sensitive to follow the 
"prepore-to-pore transition", showing as an example an AFM study of PLY from a previous 
publication. In this case they clearly see the pore spanning completely the lipid bilayer (according to 
the pore thickness). I wonder if this is also the case for GSDMD, as apparently the height of the pore 
is around 2 nm (see for example FR1.1F and H = new Fig2). Could the authors comment on that?  
 
 
Referee #3:  
 
The authors have satisfactorily answered our questions and remarks. We have no further comments.  
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2nd Revision - authors' response 2nd May 2018 

EMBOJ-‐2017-‐98321R	   “Mechanism	   of	   membrane	   pore	   formation	   by	   human	  
Gasdermin-‐D”	  

	  

Point-‐by-‐point	  response	  to	  the	  comments	  of	  reviewer	  #1	  
	  

Reviewer	  #1:	  The	  authors	  did	  a	  very	  good	  job	  in	  revising	  their	  manuscript.	  My	  
previous	  comments	  and	  criticisms	  have	  been	  sufficiently	  addressed.	  The	  
manuscript	  shall	  be	  ready	  for	  publication	  now.	  

Authors:	  Thank	  you	  for	  your	  encouraging	  and	  constructive	  comments.	   

	  

	  

Point-‐by-‐point	  response	  to	  the	  comments	  of	  reviewer	  #2	  
	  

Reviewer	  #2:	  The	  authors	  have	  addressed	  the	  reviewer's	  concerns	  adequately	  and	  
the	  manuscript	  is	  ready	  for	  publication.	  Just	  a	  couple	  of	  minor	  questions:	  	  

Authors:	   Thank	   you	   for	   your	   encouraging	   and	   constructive	   comments,	   which	  
guided	   us	   to	   revise	   our	   manuscript.	   Below	   please	   find	   in	   our	   point-‐by-‐point	  
response	  to	  the	  two	  remaining	  questions	  of	  the	  referee. 

 
Reviewer	  #2:	  -‐	  They	  explain	  why	  POPS,	  DOPE	  and	  POPI	  does	  not	  contribute	  to	  
GSDMD	  pore	  formation.	  Can	  they	  also	  speculate	  why	  the	  POPS,	  DOPE	  and	  POPC	  
system	  (with	  the	  same	  mol	  ratio)	  does?	  Does	  this	  mean	  that	  POPC	  somehow	  
contributes	  to	  GSDMD	  pore	  formation	  as	  well,	  although	  to	  a	  less	  extend	  than	  
PI(4,5)P2	  ?	  	  

Authors:	  The	  reviewer	  asks	  whether	  POPC	  somehow	  contributes	  to	  GSDMD	  pore	  
formation	   as	   well,	   although	   to	   a	   less	   extend	   than	   PI(4,5)P2.	   Indeed	   our	   data	  
suggests	  that	  PI(4,5)P2	  in	  the	  presence	  of	  POPS	  and	  DOPE	  (i.e.	  in	  SLMS	  were	  made	  
from	  POPS,	  DOPE	  and	  PI(4,5)P2)	   supports	  more	  strongly	  GSDMD	  pore	   formation	  
compared	   to	   POPC	   in	   the	   presence	   of	   POPS	   and	  DOPE	   (i.e.	   in	   SLMS	  made	   from	  
POPS,	  DOPE	  and	  POPS)	  whereas	  POPI	   in	   the	  presence	  of	  POPS	  and	  DOPE	   (i.e.	   in	  
SLMS	  made	  from	  POPS,	  DOPE	  and	  POPI)	  suppresses	  GSDMD	  pore	  formation.	  	  

	  

Reviewer	  #2:	  -‐	  In	  their	  reply	  to	  reviewer	  1	  they	  state	  that	  their	  AFM	  assay	  is	  
sufficiently	  sensitive	  to	  follow	  the	  "prepore-‐to-‐pore	  transition",	  showing	  as	  an	  
example	  an	  AFM	  study	  of	  PLY	  from	  a	  previous	  publication.	  In	  this	  case	  they	  clearly	  
see	  the	  pore	  spanning	  completely	  the	  lipid	  bilayer	  (according	  to	  the	  pore	  
thickness).	  I	  wonder	  if	  this	  is	  also	  the	  case	  for	  GSDMD,	  as	  apparently	  the	  height	  of	  
the	  pore	  is	  around	  2	  nm	  (see	  for	  example	  FR1.1F	  and	  H	  =	  new	  Fig2).	  Could	  the	  
authors	  comment	  on	  that?	  	  
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Authors:	  The	  reviewer	  asks	  whether	  we	  also	  observe	  that	  GSDMD	  pores	  spanning	  
completely	  the	  lipid	  bilayer.	  In	  our	  AFM	  measurements,	  we	  observe	  that	  GSDMD	  
pores	   span	   the	   supported	   lipid	   membranes	   at	   different	   depths.	   The	   depths	  
measured	  range	  from	  2–5	  nm.	  Depending	  on	  the	   lipid	  composition	  the	  thickness	  
of	   the	   supported	   lipid	  membrane	   ranges	   from	   ≈	  3–5	  nm.	   One	   could	   thus	   argue	  
that	   in	   some	   of	   our	  measurements	   the	   AFM	   stylus	   (which	   has	   a	   radius	   of	   ≈	  5–
10	  nm	  and	  an	  opening	  angle	  of	  ≈	  45°)	  cannot	  fully	  penetrate	  through	  the	  pore	  to	  
measure	  its	  full	  depth.	  This	  limitation	  caused	  by	  the	  dimension	  of	  the	  AFM	  stylus	  
would	   particularly	   limit	   measuring	   the	   depth	   of	   GSDMD	   pores	   having	   smaller	  
diameters.	  In	  fact,	  GSDMD	  pores	  show	  smaller	  diameters	  compared	  to	  PLY	  pores	  
the	  reviewer	  refers	  too.	  One	  could	  also	  argue	  that	  the	  AFM	  stylus	  would	  be	  able	  to	  
penetrate	   through	   the	   pore	   but	   that	   the	   pore	   is	   still	   filled	  with	   a	  monolayer	   of	  
lipids	   (if	   this	   is	   possible	   in	   aqueous	   solution)	   or	   highly	   distorted	   lipid	   structures,	  
which	  both	  could	  account	  for	  the	  reduced	  depth	  of	  the	  pore.	  Such	  distorted	  lipid	  
structures,	  however,	  would	  hardly	  be	  able	   to	  seal	   the	  pore	  such	  as	  expected	   for	  
intact	  lipid	  membranes. 

	  

Point-‐by-‐point	  response	  to	  the	  comments	  of	  reviewer	  #3	  
	  

Reviewer	  #3:	  The	  authors	  have	  satisfactorily	  answered	  our	  questions	  and	  remarks.	  
We	  have	  no	  further	  comments.	  

Authors:	  Thank	  you	  for	  your	  encouraging	  and	  constructive	  comments.	   
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� common	  tests,	  such	  as	  t-‐test	  (please	  specify	  whether	  paired	  vs.	  unpaired),	  simple	  χ2	  tests,	  Wilcoxon	  and	  Mann-‐Whitney	  
tests,	  can	  be	  unambiguously	  identified	  by	  name	  only,	  but	  more	  complex	  techniques	  should	  be	  described	  in	  the	  methods	  
section;

� are	  tests	  one-‐sided	  or	  two-‐sided?
� are	  there	  adjustments	  for	  multiple	  comparisons?
� exact	  statistical	  test	  results,	  e.g.,	  P	  values	  =	  x	  but	  not	  P	  values	  <	  x;
� definition	  of	  ‘center	  values’	  as	  median	  or	  average;
� definition	  of	  error	  bars	  as	  s.d.	  or	  s.e.m.	  

1.a.	  How	  was	  the	  sample	  size	  chosen	  to	  ensure	  adequate	  power	  to	  detect	  a	  pre-‐specified	  effect	  size?

1.b.	  For	  animal	  studies,	  include	  a	  statement	  about	  sample	  size	  estimate	  even	  if	  no	  statistical	  methods	  were	  used.

2.	  Describe	  inclusion/exclusion	  criteria	  if	  samples	  or	  animals	  were	  excluded	  from	  the	  analysis.	  Were	  the	  criteria	  pre-‐
established?

3.	  Were	  any	  steps	  taken	  to	  minimize	  the	  effects	  of	  subjective	  bias	  when	  allocating	  animals/samples	  to	  treatment	  (e.g.	  
randomization	  procedure)?	  If	  yes,	  please	  describe.	  

For	  animal	  studies,	  include	  a	  statement	  about	  randomization	  even	  if	  no	  randomization	  was	  used.

4.a.	  Were	  any	  steps	  taken	  to	  minimize	  the	  effects	  of	  subjective	  bias	  during	  group	  allocation	  or/and	  when	  assessing	  results	  
(e.g.	  blinding	  of	  the	  investigator)?	  If	  yes	  please	  describe.

4.b.	  For	  animal	  studies,	  include	  a	  statement	  about	  blinding	  even	  if	  no	  blinding	  was	  done

5.	  For	  every	  figure,	  are	  statistical	  tests	  justified	  as	  appropriate?

Do	  the	  data	  meet	  the	  assumptions	  of	  the	  tests	  (e.g.,	  normal	  distribution)?	  Describe	  any	  methods	  used	  to	  assess	  it.

Is	  there	  an	  estimate	  of	  variation	  within	  each	  group	  of	  data?

Is	  the	  variance	  similar	  between	  the	  groups	  that	  are	  being	  statistically	  compared?
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a	  statement	  of	  how	  many	  times	  the	  experiment	  shown	  was	  independently	  replicated	  in	  the	  laboratory.

Any	  descriptions	  too	  long	  for	  the	  figure	  legend	  should	  be	  included	  in	  the	  methods	  section	  and/or	  with	  the	  source	  data.

	  

In	  the	  pink	  boxes	  below,	  please	  ensure	  that	  the	  answers	  to	  the	  following	  questions	  are	  reported	  in	  the	  manuscript	  itself.	  
Every	  question	  should	  be	  answered.	  If	  the	  question	  is	  not	  relevant	  to	  your	  research,	  please	  write	  NA	  (non	  applicable).	  	  
We	  encourage	  you	  to	  include	  a	  specific	  subsection	  in	  the	  methods	  section	  for	  statistics,	  reagents,	  animal	  models	  and	  human	  
subjects.	  	  

definitions	  of	  statistical	  methods	  and	  measures:

a	  description	  of	  the	  sample	  collection	  allowing	  the	  reader	  to	  understand	  whether	  the	  samples	  represent	  technical	  or	  
biological	  replicates	  (including	  how	  many	  animals,	  litters,	  cultures,	  etc.).

Please	  fill	  out	  these	  boxes	  ê	  (Do	  not	  worry	  if	  you	  cannot	  see	  all	  your	  text	  once	  you	  press	  return)

a	  specification	  of	  the	  experimental	  system	  investigated	  (eg	  cell	  line,	  species	  name).

C-‐	  Reagents

B-‐	  Statistics	  and	  general	  methods

the	  assay(s)	  and	  method(s)	  used	  to	  carry	  out	  the	  reported	  observations	  and	  measurements	  
an	  explicit	  mention	  of	  the	  biological	  and	  chemical	  entity(ies)	  that	  are	  being	  measured.
an	  explicit	  mention	  of	  the	  biological	  and	  chemical	  entity(ies)	  that	  are	  altered/varied/perturbed	  in	  a	  controlled	  manner.

1.	  Data

the	  data	  were	  obtained	  and	  processed	  according	  to	  the	  field’s	  best	  practice	  and	  are	  presented	  to	  reflect	  the	  results	  of	  the	  
experiments	  in	  an	  accurate	  and	  unbiased	  manner.
figure	  panels	  include	  only	  data	  points,	  measurements	  or	  observations	  that	  can	  be	  compared	  to	  each	  other	  in	  a	  scientifically	  
meaningful	  way.
graphs	  include	  clearly	  labeled	  error	  bars	  for	  independent	  experiments	  and	  sample	  sizes.	  Unless	  justified,	  error	  bars	  should	  
not	  be	  shown	  for	  technical	  replicates.
if	  n<	  5,	  the	  individual	  data	  points	  from	  each	  experiment	  should	  be	  plotted	  and	  any	  statistical	  test	  employed	  should	  be	  
justified

the	  exact	  sample	  size	  (n)	  for	  each	  experimental	  group/condition,	  given	  as	  a	  number,	  not	  a	  range;

Each	  figure	  caption	  should	  contain	  the	  following	  information,	  for	  each	  panel	  where	  they	  are	  relevant:

2.	  Captions

The	  data	  shown	  in	  figures	  should	  satisfy	  the	  following	  conditions:

Source	  Data	  should	  be	  included	  to	  report	  the	  data	  underlying	  graphs.	  Please	  follow	  the	  guidelines	  set	  out	  in	  the	  author	  ship	  
guidelines	  on	  Data	  Presentation.

YOU	  MUST	  COMPLETE	  ALL	  CELLS	  WITH	  A	  PINK	  BACKGROUND	  ê

Every	  experimental	  condition	  has	  been	  repeated	  at	  least	  three	  times.	  Each	  time	  a	  new	  
independent	  sample	  was	  prepared	  and	  a	  new	  experiment	  was	  set	  up.

Not	  applicable

No	  data	  was	  excluded	  from	  analysis

Not	  applicable.

Not	  applicable	  -‐	  no	  animal	  studies	  in	  this	  work!

Not	  applicable.

Not	  applicable	  -‐	  no	  animal	  studies	  in	  this	  work!

Yes,	  teste	  are	  defined	  were	  appropriate.	  Statistical	  standard	  procedures	  have	  been	  used	  (Gaussian	  
distribution	  and	  Student's	  t-‐test	  to	  compare	  different	  condtions).

Yes,	  we	  analyzed	  the	  data	  distribution	  which	  was	  normal	  and	  then	  applied	  Gaussian	  fits	  to	  
calculate	  mean	  ±	  SE	  values	  of	  the	  data

Yes

Yes



6.	  To	  show	  that	  antibodies	  were	  profiled	  for	  use	  in	  the	  system	  under	  study	  (assay	  and	  species),	  provide	  a	  citation,	  catalog	  
number	  and/or	  clone	  number,	  supplementary	  information	  or	  reference	  to	  an	  antibody	  validation	  profile.	  e.g.,	  
Antibodypedia	  (see	  link	  list	  at	  top	  right),	  1DegreeBio	  (see	  link	  list	  at	  top	  right).

7.	  Identify	  the	  source	  of	  cell	  lines	  and	  report	  if	  they	  were	  recently	  authenticated	  (e.g.,	  by	  STR	  profiling)	  and	  tested	  for	  
mycoplasma	  contamination.

*	  for	  all	  hyperlinks,	  please	  see	  the	  table	  at	  the	  top	  right	  of	  the	  document

8.	  Report	  species,	  strain,	  gender,	  age	  of	  animals	  and	  genetic	  modification	  status	  where	  applicable.	  Please	  detail	  housing	  
and	  husbandry	  conditions	  and	  the	  source	  of	  animals.

9.	  For	  experiments	  involving	  live	  vertebrates,	  include	  a	  statement	  of	  compliance	  with	  ethical	  regulations	  and	  identify	  the	  
committee(s)	  approving	  the	  experiments.

10.	  We	  recommend	  consulting	  the	  ARRIVE	  guidelines	  (see	  link	  list	  at	  top	  right)	  (PLoS	  Biol.	  8(6),	  e1000412,	  2010)	  to	  ensure	  
that	  other	  relevant	  aspects	  of	  animal	  studies	  are	  adequately	  reported.	  See	  author	  guidelines,	  under	  ‘Reporting	  
Guidelines’.	  See	  also:	  NIH	  (see	  link	  list	  at	  top	  right)	  and	  MRC	  (see	  link	  list	  at	  top	  right)	  recommendations.	  	  Please	  confirm	  
compliance.

11.	  Identify	  the	  committee(s)	  approving	  the	  study	  protocol.

12.	  Include	  a	  statement	  confirming	  that	  informed	  consent	  was	  obtained	  from	  all	  subjects	  and	  that	  the	  experiments	  
conformed	  to	  the	  principles	  set	  out	  in	  the	  WMA	  Declaration	  of	  Helsinki	  and	  the	  Department	  of	  Health	  and	  Human	  
Services	  Belmont	  Report.

13.	  For	  publication	  of	  patient	  photos,	  include	  a	  statement	  confirming	  that	  consent	  to	  publish	  was	  obtained.

14.	  Report	  any	  restrictions	  on	  the	  availability	  (and/or	  on	  the	  use)	  of	  human	  data	  or	  samples.

15.	  Report	  the	  clinical	  trial	  registration	  number	  (at	  ClinicalTrials.gov	  or	  equivalent),	  where	  applicable.

16.	  For	  phase	  II	  and	  III	  randomized	  controlled	  trials,	  please	  refer	  to	  the	  CONSORT	  flow	  diagram	  (see	  link	  list	  at	  top	  right)	  
and	  submit	  the	  CONSORT	  checklist	  (see	  link	  list	  at	  top	  right)	  with	  your	  submission.	  See	  author	  guidelines,	  under	  
‘Reporting	  Guidelines’.	  Please	  confirm	  you	  have	  submitted	  this	  list.

17.	  For	  tumor	  marker	  prognostic	  studies,	  we	  recommend	  that	  you	  follow	  the	  REMARK	  reporting	  guidelines	  (see	  link	  list	  at	  
top	  right).	  See	  author	  guidelines,	  under	  ‘Reporting	  Guidelines’.	  Please	  confirm	  you	  have	  followed	  these	  guidelines.

18:	  Provide	  a	  “Data	  Availability”	  section	  at	  the	  end	  of	  the	  Materials	  &	  Methods,	  listing	  the	  accession	  codes	  for	  data	  
generated	  in	  this	  study	  and	  deposited	  in	  a	  public	  database	  (e.g.	  RNA-‐Seq	  data:	  Gene	  Expression	  Omnibus	  GSE39462,	  
Proteomics	  data:	  PRIDE	  PXD000208	  etc.)	  Please	  refer	  to	  our	  author	  guidelines	  for	  ‘Data	  Deposition’.

Data	  deposition	  in	  a	  public	  repository	  is	  mandatory	  for:	  
a.	  Protein,	  DNA	  and	  RNA	  sequences	  
b.	  Macromolecular	  structures	  
c.	  Crystallographic	  data	  for	  small	  molecules	  
d.	  Functional	  genomics	  data	  
e.	  Proteomics	  and	  molecular	  interactions
19.	  Deposition	  is	  strongly	  recommended	  for	  any	  datasets	  that	  are	  central	  and	  integral	  to	  the	  study;	  please	  consider	  the	  
journal’s	  data	  policy.	  If	  no	  structured	  public	  repository	  exists	  for	  a	  given	  data	  type,	  we	  encourage	  the	  provision	  of	  
datasets	  in	  the	  manuscript	  as	  a	  Supplementary	  Document	  (see	  author	  guidelines	  under	  ‘Expanded	  View’	  or	  in	  
unstructured	  repositories	  such	  as	  Dryad	  (see	  link	  list	  at	  top	  right)	  or	  Figshare	  (see	  link	  list	  at	  top	  right).
20.	  Access	  to	  human	  clinical	  and	  genomic	  datasets	  should	  be	  provided	  with	  as	  few	  restrictions	  as	  possible	  while	  
respecting	  ethical	  obligations	  to	  the	  patients	  and	  relevant	  medical	  and	  legal	  issues.	  If	  practically	  possible	  and	  compatible	  
with	  the	  individual	  consent	  agreement	  used	  in	  the	  study,	  such	  data	  should	  be	  deposited	  in	  one	  of	  the	  major	  public	  access-‐
controlled	  repositories	  such	  as	  dbGAP	  (see	  link	  list	  at	  top	  right)	  or	  EGA	  (see	  link	  list	  at	  top	  right).
21.	  Computational	  models	  that	  are	  central	  and	  integral	  to	  a	  study	  should	  be	  shared	  without	  restrictions	  and	  provided	  in	  a	  
machine-‐readable	  form.	  	  The	  relevant	  accession	  numbers	  or	  links	  should	  be	  provided.	  When	  possible,	  standardized	  
format	  (SBML,	  CellML)	  should	  be	  used	  instead	  of	  scripts	  (e.g.	  MATLAB).	  Authors	  are	  strongly	  encouraged	  to	  follow	  the	  
MIRIAM	  guidelines	  (see	  link	  list	  at	  top	  right)	  and	  deposit	  their	  model	  in	  a	  public	  database	  such	  as	  Biomodels	  (see	  link	  list	  
at	  top	  right)	  or	  JWS	  Online	  (see	  link	  list	  at	  top	  right).	  If	  computer	  source	  code	  is	  provided	  with	  the	  paper,	  it	  should	  be	  
deposited	  in	  a	  public	  repository	  or	  included	  in	  supplementary	  information.

22.	  Could	  your	  study	  fall	  under	  dual	  use	  research	  restrictions?	  Please	  check	  biosecurity	  documents	  (see	  link	  list	  at	  top	  
right)	  and	  list	  of	  select	  agents	  and	  toxins	  (APHIS/CDC)	  (see	  link	  list	  at	  top	  right).	  According	  to	  our	  biosecurity	  guidelines,	  
provide	  a	  statement	  only	  if	  it	  could.

F-‐	  Data	  Accessibility

D-‐	  Animal	  Models

E-‐	  Human	  Subjects

Not	  applicable	  -‐	  no	  animals	  used	  in	  this	  work.

G-‐	  Dual	  use	  research	  of	  concern

Not	  applicable.

Not	  applicable.

Not	  applicable	  -‐	  no	  antibodies	  used	  in	  this	  work.

Not	  applicable	  -‐	  no	  cell	  lines	  were	  characterized	  in	  this	  work.

Not	  applicable	  -‐	  no	  animals	  used	  in	  this	  work.

Not	  applicable	  -‐	  no	  animals	  used	  in	  this	  work.

Not	  applicable	  -‐	  no	  humans	  characterized	  in	  this	  work.

Not	  applicable	  -‐	  no	  humans	  characterized	  in	  this	  work.

Not	  applicable.

Not	  applicable	  -‐	  no	  humans	  characterized	  in	  this	  work.

Not	  applicable.

Not	  applicable.

Not	  applicable	  -‐	  no	  humans	  characterized	  in	  this	  work.

Not	  applicable	  -‐	  no	  humans	  characterized	  in	  this	  work.

Not	  applicable	  -‐	  no	  humans	  characterized	  in	  this	  work.

Not	  applicable	  -‐	  no	  humans	  characterized	  in	  this	  work.




