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Review #1 
1. Evidence, reproducibility and clarity:
Evidence, reproducibility and clarity (Required) 

Review of "The septin cytoskeleton is required for plasma membrane repair" by 
Prislusky et al. 

Eukaryotic cells rapidly repair damage to their plasma membrane and underlying 
cortical cytoskeleton. Such repair is increasingly recognized as being of major 
importance to human health (PMID: 33849525). Two broadly conserved cell damage 
responses have been described: a very rapid membrane resealing response which 
commences within a second or so following damage, and a cortical cytoskeletal 
response which commences within ~15-30s and which is based on activation of the 
Rho GTPases. However, our understanding of either of these responses is extremely 
limited, a situation which has engendered considerable debate about not only the 
mechanistic bases of these responses but also their relative roles and the extent to 
which they may be interdependent. 

In the current study, the authors use an siRNA screen to identify Septin7 (hereinafter 
SEPT7) as a critical participant in the cell repair response. They further demonstrate 
that cell damage, as induced either by bacterial pore-forming proteins or by 
mechanical abrasion results in accumumulation of septins (including SEPT7) in 
curious ring-like structures associated at the plasma membranes; these structures are 
often associated with plasma membrane protrusions, which are a common feature of 
damaged cells. Additionally, the authors show that the septins colocalize with F-actin, 
myosin-2 (an F-actin-based motor protein) and annexin-2A, a protein previously 
implicated in cell repair. Lastly, the authors show that depletion of septins reduces the 
recruitment of annexin-2A to the plasma membrane in wounded cells, implying that 
the septins are upstream of the annexin in the wound response. 

This is an exciting study that is also very well-documented. The excitement is 
provided by the following observations: first, septins have not previously been 
implicated in cell repair; second, the association of the septins with F-actin and 
myosin-2 in ring-like structures at the plasma membrane is suggestive of the 
possibility that local contraction may promote healing, a long-standing idea derived 
from studies of frog oocyte healing (PMID: 10359696; PMID: 11502762) which has 
proven controversial for healing of other cell types (see below); third, a link between 
septins and annexins in cell repair or, for that matter, any other process, is novel. With 
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respect to the support for their claims, the authors go above and beyond to make their 
case-every point is supported by multiple approaches-for example the importance of 
septins is shown via siRNA, shRNA, and inducible depletion-and the imaging is very, 
very nice. 

The potential role for actomyosin-powered contraction in healing of wounds made in 
cultured mammalian cells has been largely discounted because of studies wherein 
cells are wounded after pharmacological treatment with actin poisons have shown that 
healing is actually improved. The problem with such studies, is that depolymerization 
of actin prior to cell damage will dramatically alter the response to damage due to loss 
of cortical tension (PMID: 19846787). Thus, besides being important in its own right, 
the current study opens new doors for experimental assessment of the possible roles 
for cortical actomyosin in cell repair. 

I have only minor concerns or questions: 

1. What is the spatial relationship between the septin rings and actual damage sites?
This could be addressed by wounding in the presence of a lysine fixable dextran.
2. The information in table 1 could be made more reader-friendly. In particular, it is
not clear how the authors are getting their gene/protein names for their hits and what
they correspond to. This was most noticeable for IQSEC1, ABI1, and GBF1 which the
authors describe in the text as "genes that control the actin cytoskeleton" but in the
table are listed as "Signaling proteins". I may have the abbreviations wrong (which is
more reason for additional clarity) but GBF1 is the abbreviation for a protein involved
in intracellular trafficking; IQSEC1 is a GEF for Arf proteins, and ABI1 is best
known as a subunit of the WAVE complex.
3. The statement that begins the abstract "Mammalian cells are frequently exposted to
mechanical and biochemical stresses..." could just as easily be "Eukaryotic cells..." or
even "Cells..." as the membrane repair response is apparently universal and, indeed,
was first described in nonmammalian cells. Similarly, the introduction begins "The
plasma membrane of mammalian cells forms a biophysical barrier that separates the
cell from its external environment". As far as I know, this is not a specific feature of
mammalian plasma membranes but rather all plasma membranes. I don't know if it is
the author's intention to imply their work is only relevant to mammals, but that is
certainly not the case and they end up reducing the impact of their work by making it
sound like cell repair is a phenomenon specific to mammalian cells.
4. The word "subplasmalemmal" is likely to be confusing for those who are not aware
that plasmalemma is an antiquated term for the plasma membrane. It might be easier
for the reader if the authors refer to "subdomains of the plasma membrane".

2. Significance:



Significance (Required) 

This is an exciting study that is also very well-documented. The excitement is 
provided by the following observations: first, septins have not previously been 
implicated in cell repair; second, the association of the septins with F-actin and 
myosin-2 in ring-like structures at the plasma membrane is suggestive of the 
possibility that local contraction may promote healing, a long-standing idea derived 
from studies of frog oocyte healing (PMID: 10359696; PMID: 11502762) which has 
proven controversial for healing of other cell types (see below); third, a link between 
septins and annexins in cell repair or, for that matter, any other process, is novel. With 
respect to the support for their claims, the authors go above and beyond to make their 
case-every point is supported by multiple approaches-for example the importance of 
septins is shown via siRNA, shRNA, and inducible depletion-and the imaging is very, 
very nice. 

The potential role for actomyosin-powered contraction in healing of wounds made in 
cultured mammalian cells has been largely discounted because of studies wherein 
cells are wounded after pharmacological treatment with actin poisons have shown that 
healing is actually improved. The problem with such studies, is that depolymerization 
of actin prior to cell damage will dramatically alter the response to damage due to loss 
of cortical tension (PMID: 19846787). Thus, besides being important in its own right, 
the current study opens new doors for experimental assessment of the possible roles 
for cortical actomyosin in cell repair. 

3. How much time do you estimate the authors will need to
complete the suggested revisions:
Estimated time to Complete Revisions (Required) 

(Decision Recommendation) 

Less than 1 month 

4. Review Commons values the work of reviewers and
encourages them to get credit for their work. Select 'Yes'
below to register your reviewing activity at Web of Science
Reviewer Recognition Service (formerly Publons); note that
the content of your review will not be visible on Web of
Science.



Web of Science Reviewer Recognition 

No 

Review #2 
1. Evidence, reproducibility and clarity:
Evidence, reproducibility and clarity (Required) 

**Summary** 

This study highlights the role of the septin cytoskeleton in plasma membrane repair in 
HeLa cells perforated by the pore-forming toxin listeriolysin O (LLO). The authors 
performed a silencing RNA screen targeting protein-coding genes involved in 
endocytosis, exocytosis and intracellular trafficking. Besides the recovery of proteins 
that were previously identified to be part of the membrane repair machinery, they 
uncovered novel plasma membrane repair candidates, including septin 7 (SEPT7). 

They found that upon LLO treatment, septins redistribute from actin stress fibers to 
the cell surface where they form knobs and loops together with F-actin, Myosin-IIA 
and Annexin A2 (ANXA2). Using super resolution microscopy and 3D 
reconstruction, they showed that these structures often protruding from the cell 
surface are formed by septins and F-actin that are organized in intertwined filaments 
associated with Annexin A2, and that they are functionally correlated with plasma 
membrane repair efficiency. Silencing SEPT7 further revealed that the remodeling of 
the repair protein ANXA2 at the cell surface is greatly decreased in LLO-injured cells, 
whereas the down regulation of ANXA2 had no impact on the arrangement of septins 
and F-actin into knobs and loops. 
Altogether, their results evidenced that the septin cytoskeleton triggers the 
organization of membrane domains containing the actomyosin cytoskeleton and 
ANXA2, that are essential for the repair to occur. 

**Major comments:** 

- The authors show that silencing SEPT6 or SEPT7, but not SEPT2 or SEPT9,
perturbed plasma membrane repair of LLO-injured cells.
The authors explain this result by indicating that the reduced expression of SEPT7 and



SEPT6 (according to the siRNA), but not that of SEPT2 results in a reduced 
expression of septins from other groups. This could have been an explanation but, in 
Fig. S2B, downregulating SEPT2 clearly seem to impact the expression of SEPT6 and 
SEPT7 (except for siRNA#3) once normalized with the loading control tubulin. 
Moreover, it is well accepted in the literature and has been observed in many cell 
types, including HeLa cells, that knocking down a septin from one group (with 
sometimes the exception of septins of Group 3) induces the downregulation of septins 
of the other groups, and that it consistently results in the loss of septin filaments. 
Therefore, the fact that silencing SEPT2 does not perturb plasma membrane repair is 
quite surprising. This could suggest that SEPT6 and SEPT7, independently of their 
filament organization, play a role in membrane repair after LLO treatment. 
Nevertheless, the SEPT2 staining to study the fate of septin filaments following LLO 
exposure indicated that it is the redistribution of septin filaments that is crucial in this 
repair process. 
Interestingly, BORG proteins which are involved in the association of septin filaments 
to the actin cytoskeleton in interphase cells bind to the SEPT6/SEPT7 coiled-coil 
region of septin polymers. Could these proteins be involved, knowing that they are 
Cdc42 effector proteins, and that links exist between Cdc42 activation and Ca2+ 
entry? 
OPTIONAL: silencing BORG proteins (BORG2 for example) and studying septin and 
F-actin remodeling following LLO exposure could help the authors to understand the
reason of such a redistribution.
- What about the terms "knob" and "loop": Are they structurally related to the
"specks" described in other papers? Or are they new structures that no one observed
before? Nobody has never looked at septins in this repair process before, but actin has
long been described to be involved.
- It seems that knobs are formed before loops take over. This would deserve further
investigation. Is that a reality? Or are they two independent structures?
OPTIONAL: it would be interesting to do time-lapse video microscopy to follow the
fate of a knob.
Related to the previous point: why to show 3 sets of images in the LLO condition in
Fig. 2A? Does the top b-panel represent the knob stage? Where there are still many
stress fibers indicating that septins have not yet fully redistributed? And when septins
are fully dissociated from actin cables, which are then lost, loops are forming (middle
c-panel) and then increase in size (bottom d-panel)?
- Even though, some information is given in the discussion section, it would be
helpful to mention in the introduction section the different pathways that cells activate
to repair plasma membrane defects, and to precise which one(s) has(ve) already been
described in the literature to be switched on in response to the LLO toxin.
- Some experiments are not rigorous enough: Sometimes, they have not been repeated,
as exemplified in Fig. 7B. Count less cells but repeat the experiment at least three



times. Sometimes, one condition is missing, as in Fig. 6C. Where is the DMSO 
condition? What about the statistics? 
Fig. 6A: In the calcium free condition, it seems that the two cells that are illustrated 
depict a telophase. The subcellular organization is obviously different at the end of 
cell division. Show only one interphase cell as in the top panels. 
Fig. 6B and C: It is mentioned in the figure legend: "Cells were treated as indicated in 
(A) and (D)". But the "C" condition is not mentioned anywhere: Does "C" stand for
no DMSO or FCF treatment, in the presence of calcium, but under LLO treatment?
Likewise, it would be very helpful to indicate in each figure panel whether cells have
been treated with LLO or FCF. Please help the reader.
Fig. 7A: Whatever SEPT7 is expressed or downregulated, the actin stress fibers are
still present. If these cells were not well transfected, replace the images.
- Concerning the FCF experiments: The FCF cytokinin has been used by many
authors to perturb septin dynamics. It induces the stabilization of septin polymers,
thus promoting the formation of thick ectopic fibers. It is a potent inducer of septin
polymerization and acts as a stabilizer.
Fig. 6D: In the Ctr condition, a DMSO condition is needed to visualize the impact of
FCF on septin filaments. Does FCF stabilize septins and induce the formation of thick
filaments? The SEPT2 image in the FCF condition without LLO is of bad quality (see
above remark).
Also in Fig. 6D (FCF condition without LLO), the F-actin staining revealed that there
are no stress fibers!!??? Usually, the more septins are associated with actin, the
thicker stress fibers you get, since septins stabilize actin cables. FCF treatment often
induces thick ectopic septin filaments that are not associated with stress fibers (which
are therefore lost). Was it the case in all FCF-treated cells? Does FCF treatment really
mimic what happens physiologically in the cell? Many off-target effects have been
observed with this molecule in non-plant cells.
- The image quality in Figs 3A and B, and 6A and D needs to be improved regarding
the septin staining. In control conditions, septin filaments cannot be clearly
distinguished.
- Fig. 3B: It seems that ANXA2 is overexpressed in LLO-injured cells. Its
accumulation level between both conditions should be compared by immunoblot.
ANXA2 is indeed recovered on loops, but it is difficult to consider whether it is a
redistribution.
- Fig. 7D: Compared to the control condition (we have to refer to Fig. S5D), ANXA2
again seems to be overexpressed under LLO treatment. To affirm that ANXA2
remodeling in LLO-injured cells requires the formation of septin/F-actin knobs and
loops, data in Fig. 7D must be quantified.
- Fig. 6 (B-D): In panel B, there is a significant difference between the "C" and "FCF"
conditions regarding the number of knobs + loops per cell. Where are the images
corresponding to the "C" condition?



**Minor comments:** 

- Fig. 2A: Report the white squares (selected enlarged areas) in all panels (SEPT2 and
overlay). In panels b, do not place an arrowhead where we are supposed to observe an
enlarged area. Also, from panels b, it would be worth showing an enlarged area
including a knob. Show enlarged areas also from panels d.
- Fig. 3B'i: Septins are not on stress fibers. Select a transfected cell where septins still
coalign with actin fibers, not a cell that was impaired by the transfection.
- Fig. 3C: Add the time point "0min". What was the % of colocalization before LLO
treatment? and in DMSO condition?
What about ALIX at 5 and 10min? Again, it's only one experiment.
- Figs 4 and 5: Very nice images but obtained following FCF exposure. Hopefully
FCF would not have induced an aberrant organization!
- The "Ctr" abbreviation is often used, in different conditions, and may be confusing.
Precise in the figure (not in the figure legend) whether it is siRNA ("Ctr siRNA").
Mention "DMSO" for the controls of your drugs (like in Figs S4 and S5).
- Fig. S4C: How is this figure different or does it provide additional information
compared to Fig. 2C?
- Fig. S5D: It is hard to know that the ANXA2 siRNA worked, since no difference of
staining between the Ctr and the transfected cells can be observed. Were these cells
really transfected? It would have been helpful to use fluorescent siRNAs.
The same applies to Fig. S5C: Silencing SEPT7 supposedly greatly reduces the level
of expression of all septins. The SEPT2 staining is still high, and many actin stress
fibers are still observable (whereas the loss of septin filaments results in the loss of
actin stress fibers, as observed by many authors, including in HeLa cells). Same
remark for Fig. S6, regarding the SEPT7 silencing in the Ctr condition (no LLO). No
impact on stress fibers! Are these cells transfected? The authors themselves mention
that sometimes cells are less effectively silenced (like in Fig. 7A, B). Why not to show
cells effectively silenced!!
- In the abstract, it is specified that SEPT7 also plays a role in membrane repair after
mechanical wounding. Based only on one type of experiment (SEPT7 silencing, Fig.
1H), this statement should only be mentioned in the text or used to discuss the
putative repair mechanisms that septins are involved in, but not stated in the abstract
as a main conclusion.

2. Significance:
Significance (Required) 



*Strengths:*

Despite septins have been involved in endocytosis, exocytosis, membrane protrusions, 
cell junction integrity or actomyosin constriction at cytokinesis, the involvement of 
the septin cytoskeleton in the plasma membrane repair machinery has, to my 
knowledge, never been reported before. The authors not only showed that septins are 
present in specific membrane protrusions (knobs and loops) but also evidenced that 
septin filaments trigger the formation of these plasma membrane repair domains by 
recruiting F-actin and ANXA2, essential for the repair to occur. The novelty of this 
study has therefore to be acknowledged, and these data will benefit the scientific 
community, and the septin community in particular. 

This is a descriptive paper that nevertheless clearly shows, by different means, the 
reorganization of the septin cytoskeleton in LLO-injured cells. The use of high-
resolution microscopy coupled to 3D reconstruction which enables to easily 
appreciate the organization of septins, F-actin and ANXA2 in the knobs and loops is a 
true strength of the paper. 

*Limitations:*

The authors mention in the abstract that septins act as scaffolds to recruit contractile 
actin fibers and ANXA2. Biochemical experiments such as co-immunoprecipitations 
could strengthen this notion. 
The molecular mechanism by which septins are involved in this repair process has not 
been addressed at all in the paper. Even though the silencing RNA screen highlighted 
several proteins involved in known membrane repair mechanisms, the authors just 
presented a few data concerning ALIX, a component of the ESCRT-III machinery. A 
% of colocalization of SEPT2 and SEPT7 with ALIX is reported in Fig. 3C but this 
experiment has only been done once (n=1) and only following 15-min exposure to 
LLO. Is that too late? Immunofluorescence images of SEPT2 and ALIX with or 
without LLO (15min) are also provided in Fig. S5A but no quantification is reported. 
Is it sufficient to say that the ESCRT machinery is not involved? 

*My field of expertise:*

Cytoskeleton, Septin, Actin, Microtubule, Signaling pathways 

3. How much time do you estimate the authors will need to
complete the suggested revisions:
Estimated time to Complete Revisions (Required) 



(Decision Recommendation) 

Between 1 and 3 months 

4. Review Commons values the work of reviewers and
encourages them to get credit for their work. Select 'Yes'
below to register your reviewing activity at Web of Science
Reviewer Recognition Service (formerly Publons); note that
the content of your review will not be visible on Web of
Science.
Web of Science Reviewer Recognition 

Yes 



Manuscript number: RC-2023-02328

Corresponding author(s): Stephanie Seveau

We are grateful to the reviewers for their enthusiasm about the novelty of our findings
and their insightful comments. Below is a point-by-point response to all comments (our 
responses are indicated in blue font and modifications already included in the revised 
article are underlined).

Reviewer #1 (Evidence, reproducibility and clarity (Required)):

Review of "The septin cytoskeleton is required for plasma membrane repair" by Prislusky et al.

Eukaryotic cells rapidly repair damage to their plasma membrane and underlying cortical 
cytoskeleton. Such repair is increasingly recognized as being of major importance to human 
health (PMID: 33849525). Two broadly conserved cell damage responses have been described: 
a very rapid membrane resealing response which commences within a second or so following 
damage, and a cortical cytoskeletal response which commences within ~15-30s and which is 
based on activation of the Rho GTPases. However, our understanding of either of these 
responses is extremely limited, a situation which has engendered considerable debate about 
not only the mechanistic bases of these responses but also their relative roles and the extent to 
which they may be interdependent.

In the current study, the authors use an siRNA screen to identify Septin7 (hereinafter SEPT7) as 
a critical participant in the cell repair response. They further demonstrate that cell damage, as 
induced either by bacterial pore-forming proteins or by mechanical abrasion results in 
accumulation of septins (including SEPT7) in curious ring-like structures associated at the 
plasma membranes; these structures are often associated with plasma membrane protrusions, 
which are a common feature of damaged cells. Additionally, the authors show that the septins 
colocalize with F-actin, myosin-2 (an F-actin-based motor protein) and annexin-2A, a protein 
previously implicated in cell repair. Lastly, the authors show that depletion of septins reduces 
the recruitment of annexin-2A to the plasma membrane in wounded cells, implying that the 
septins are upstream of the annexin in the wound response.

This is an exciting study that is also very well-documented. The excitement is provided by the 
following observations: first, septins have not previously been implicated in cell repair; second, 
the association of the septins with F-actin and myosin-2 in ring-like structures at the plasma 
membrane is suggestive of the possibility that local contraction may promote healing, a long-
standing idea derived from studies of frog oocyte healing (PMID: 10359696; PMID: 11502762) 
which has proven controversial for healing of other cell types (see below); third, a link between 
septins and annexins in cell repair or, for that matter, any other process, is novel. With respect 
to the support for their claims, the authors go above and beyond to make their case-every point 
is supported by multiple approaches-for example the importance of septins is shown via siRNA, 
shRNA, and inducible depletion-and the imaging is very, very nice.

The potential role for actomyosin-powered contraction in healing of wounds made in cultured 
mammalian cells has been largely discounted because of studies wherein cells are wounded 
after pharmacological treatment with actin poisons have shown that healing is actually 
improved. The problem with such studies, is that depolymerization of actin prior to cell damage 
will dramatically alter the response to damage due to loss of cortical tension (PMID: 19846787). 
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Thus, besides being important in its own right, the current study opens new doors for 
experimental assessment of the possible roles for cortical actomyosin in cell repair. 
We thank the reviewer for his/her enthusiasm about our novel findings. 

I have only minor concerns or questions: 

1. What is the spatial relationship between the septin rings and actual damage sites? This could
be addressed by wounding in the presence of a lysine fixable dextran.
The reviewer proposed to add lysine fixable fluorescent dextrans to the culture medium during
cell wounding allowing the dextrans to flux into cells via the plasma membrane wounds. After
washes, fixation, and labeling of the septins, we should be able to visualize the location of the
membrane wounds (dextran-positive cell portions) relative to the redistributed septins. We tried
this approach: Visualization of dextran fluxes through the 30-50 nM toxin transmembrane pores
was very challenging at non-lethal toxin concentrations (0.5 nM). Dextran diffusion could only be
observed in cells damaged with higher toxin concentrations or in cells damaged with non-lethal
toxin concentrations in calcium-free medium. Furthermore, we could not visualize the sites of
damage as the entire cytosol was uniformly fluorescent. We also used lysine-fixable fluorescent
dextrans in mechanically damaged cells. This approach was more successful, likely due to the
larger (μm) size of mechanical damages. We found that the dextrans entered the entire cell
cytoplasm but the dextran fluorescence intensity was higher at the locations where the septins
were redistributed. This is consistent with the notion that septins are redistributed in proximity to
the wound sites which are dextrans entry sites (new Figure 3). Importantly, septins were only
redistributed in damaged cells, but not in non-damaged surrounding cells which did not
incorporate fluorescent dextrans, and FCF pre-treatment increased septin redistribution only in
wounded cells. Collectively, these data support that the septins are redistributed on the edges of
the mechanical wounds. We thank the reviewer for this great suggestion; we accordingly
modified the results section (page 7, lines 207-211, and page 9, lines 275-277).

2. The information in table 1 could be made more reader-friendly. In particular, it is not clear
how the authors are getting their gene/protein names for their hits and what they correspond to.
This was most noticeable for IQSEC1, ABI1, and GBF1 which the authors describe in the text
as "genes that control the actin cytoskeleton" but in the table are listed as "Signaling proteins". I
may have the abbreviations wrong (which is more reason for additional clarity) but GBF1 is the
abbreviation for a protein involved in intracellular trafficking; IQSEC1 is a GEF for Arf proteins,
and ABI1 is best known as a subunit of the WAVE complex.
We verified all gene names using the HUGO Gene Nomenclature (HGNC, genenames.org)
(PMID: 32747822) and the Human Gene Database (GeneCards.org). This information has been
added to the legend of Table 1. We also rearranged Table 1 as follows: changed M6PRBP1 for
PLIN3, which is the approved gene name, and italicized all gene symbols. We replaced 
“signaling” with “Guanine Nucleotide Exchange Factors” including the GEFs IQSEC1 and GBF1. 
We created the category “Cytoskeletal Regulation” including SEPT7 and Abl1 and modified 
accordingly the text of the results section (page 5, line 131). 

3. The statement that begins the abstract "Mammalian cells are frequently exposed to
mechanical and biochemical stresses..." could just as easily be "Eukaryotic cells..." or even
"Cells..." as the membrane repair response is apparently universal and, indeed, was first
described in nonmammalian cells. Similarly, the introduction begins "The plasma membrane of
mammalian cells forms a biophysical barrier that separates the cell from its external
environment". As far as I know, this is not a specific feature of mammalian plasma membranes
but rather all plasma membranes. I don't know if it is the author's intention to imply their work is



only relevant to mammals, but that is certainly not the case and they end up reducing the impact 
of their work by making it sound like cell repair is a phenomenon specific to mammalian cells.
We accordingly modified the abstract and introduction.

4. The word "subplasmalemmal" is likely to be confusing for those who are not aware that
plasmalemma is an antiquated term for the plasma membrane. It might be easier for the reader
if the authors refer to "subdomains of the plasma membrane".
We replaced subplasmalemmal with “subdomains of the plasma membrane” or equivalent
throughout the article.

Reviewer #2 (Evidence, reproducibility and clarity (Required)):

1. Evidence, reproducibility and clarity

Summary
This study highlights the role of the septin cytoskeleton in plasma membrane repair in HeLa 
cells perforated by the pore-forming toxin listeriolysin O (LLO). The authors performed a 
silencing RNA screen targeting protein-coding genes involved in endocytosis, exocytosis and 
intracellular trafficking. Besides the recovery of proteins that were previously identified to be part 
of the membrane repair machinery, they uncovered novel plasma membrane repair candidates, 
including septin 7 (SEPT7).
They found that upon LLO treatment, septins redistribute from actin stress fibers to the cell 
surface where they form knobs and loops together with F-actin, Myosin-IIA and Annexin A2 
(ANXA2). Using super resolution microscopy and 3D reconstruction, they showed that these 
structures often protruding from the cell surface are formed by septins and F-actin that are 
organized in intertwined filaments associated with Annexin A2, and that they are functionally 
correlated with plasma membrane repair efficiency. Silencing SEPT7 further revealed that the 
remodeling of the repair protein ANXA2 at the cell surface is greatly decreased in LLO-injured 
cells, whereas the down regulation of ANXA2 had no impact on the arrangement of septins and 
F-actin into knobs and loops.
Altogether, their results evidenced that the septin cytoskeleton triggers the organization of
membrane domains containing the actomyosin cytoskeleton and ANXA2, that are essential for
the repair to occur.
Thank you for the great summary!

Major comments:

1- The authors show that silencing SEPT6 or SEPT7, but not SEPT2 or SEPT9, perturbed
plasma membrane repair of LLO-injured cells.
The authors explain this result by indicating that the reduced expression of SEPT7 and SEPT6
(according to the siRNA), but not that of SEPT2 results in a reduced expression of septins from
other groups.
This comment is accurate for SEPT7. However, our data do not support that SEPT6 silencing
reduces the expression of other septins, and we did not claim that silencing SEPT6 resulted in
reduced expression of septins from other groups.



This could have been an explanation but, in Fig. S2B, downregulating SEPT2 clearly seem to 
impact the expression of SEPT6 and SEPT7 (except for siRNA#3) once normalized with the 
loading control tubulin. Moreover, it is well accepted in the literature and has been observed in 
many cell types, including HeLa cells, that knocking down a septin from one group (with 
sometimes the exception of septins of Group 3) induces the downregulation of septins of the 
other groups, and that it consistently results in the loss of septin filaments. 
Therefore, the fact that silencing SEPT2 does not perturb plasma membrane repair is quite 
surprising. This could suggest that SEPT6 and SEPT7, independently of their filament 
organization, play a role in membrane repair after LLO treatment. Nevertheless, the SEPT2 
staining to study the fate of septin filaments following LLO exposure indicated that it is the 
redistribution of septin filaments that is crucial in this repair process. 
We reported that silencing SEPT2 had little effect on the expression of other septins such as 
SEPT7 (page 6, line 143; SF 2B). If requested, we can include additional examples of western 
blots. Quantification of western blots showed that SEPT7 expression was only decreased in the 
range of 10 to 30% in SEPT2 KD cells, which is not sufficient to abolish the formation of the 
septin filaments. These results are consistent with the literature that reported “Depletion of 
SEPT2 results only in a modest decrease of other septins.” (PMID: 21737677). The same article 
showed that another member of the SEPT2 subgroup, such as SEPT5, needs to be depleted 
together with SEPT2 to strongly affect SEPT7 expression. Another article showed that knocking 
down SEPT2 expression had no noticeable effect on SEPT7 expression in HeLa cells (PMID: 
27215606). Therefore, it is not surprising that SEPT2 silencing in our experiments does not 
perturb plasma membrane repair. To clarify this important point, we included fluorescence 
images of SEPT2 and SEPT7 knocked down cells in comparison to cells exposed to non-
targeting siRNAs (new S. Fig. 3). These images importantly illustrate that the formation of 
septin filaments was severely decreased in SEPT7 knocked down cells. However, in SEPT2 
knocked down cells, septin filaments were only slightly decreased (new S. Fig.3). We added 
this information to the result section (page 5, lines 141-144). 

Interestingly, BORG proteins which are involved in the association of septin filaments to the 
actin cytoskeleton in interphase cells bind to the SEPT6/SEPT7 coiled-coil region of septin 
polymers. Could these proteins be involved, knowing that they are Cdc42 effector proteins, and 
that links exist between Cdc42 activation and Ca2+ entry? 
OPTIONAL: silencing BORG proteins (BORG2 for example) and studying septin and F-actin 
remodeling following LLO exposure could help the authors to understand the reason of such a 
redistribution. 
We agree that BORG proteins might be involved in remodeling the septins during plasma 
membrane repair; we thank the reviewer for this great comment. As the reviewer mentions, this 
would be optional. Our article is already very dense and not only reports the general role of the 
septins in plasma membrane repair, but it also characterizes the septin remodeling during repair 
and provides mechanistic information about the structural role of the septins in remodeling the 
actomyosin cytoskeleton and recruitment of repair molecules such as ANXA2 for cell repair. We 
feel that the study of BORG proteins will be the object of our future studies and another 
research article. 

2- What about the terms "knob" and "loop": Are they structurally related to the "specks"
described in other papers? Or are they new structures that no one observed before? Nobody
has never looked at septins in this repair process before, but actin has long been described to
be involved.



We do not know what is meant by “specks”, a reference would have been helpful. Previous 
studies, including our studies, showed that LLO and other cholesterol-dependent cytolysins 
remodel the cortical actin cytoskeleton in a calcium-dependent fashion, but this redistribution 
had not been attributed to cell repair (PMID: 17301241, PMID: 29187576). These published 
results are consistent with our findings. As explained by the reviewer, nobody has ever looked 
at the structure of the septins and co-localization between septins and cortical actin during 
plasma membrane repair. This explains why these structures have not been previously noticed.

3- It seems that knobs are formed before loops take over. This would deserve further
investigation. Is that a reality? Or are they two independent structures?
- OPTIONAL: it would be interesting to do time-lapse video microscopy to follow the fate of a
knob.
As written in the discussion: “The knobs may be an early stage of the loop formation based on
the timing of their respective appearance (Figure 2C, SF 5C)”. We agree that performing live-
cell imaging in future studies will help in establishing if the two structures are independent or
not. We feel that refining their detailed dynamics will be the object of future research studies.
Related to the previous point: why to show 3 sets of images in the LLO condition in Fig. 2A?
Several images are required to properly document septin redistribution: (1) Fig2Aa (no LLO)
and 2Ab (+LLO) are single plan images focused on the bottom membranes where actin stress
fibers are most abundant. Together, these pictures highlight that a fraction of the septins
dissociates from the actin stress fibers. (2) Fig2Ac and 2Ad are reconstructions from z-stacks to
show the overall structure of the septin cytoskeleton at all focal plans in LLO-treated cells.
These images highlight that the septin cytoskeleton reorganizes into knob- and loop-like
structures in association with cortical F-actin.
Does the top b-panel represent the knob stage? The top b panel shows that a fraction of septins
dissociated from actin stress fibers and shows examples of knob structures. We also added a
zoomed-in image of a knob structure in 2Abi.
Where there are still many stress fibers indicating that septins have not yet fully redistributed? 
We report that septins partially dissociate from actin stress fibers which are still present in LLO-
exposed cells as shown in Figure 2Ab and 2Abii and SF 5Abi, 5Bbii.
And when septins are fully dissociated from actin cables, which are then lost, loops are forming 
(middle c-panel) and then increase in size (bottom d-panel)? We did not claim that the septins 
fully dissociate from actin stress fibers, we did not claim that actin stress fibers were lost in LLO-
treated cells, and we did not claim that the septin loops increase in size over time. We explained 
that the septins partially dissociate from the stress fibers and stress fibers are still present in 
LLO-injured cells. For scientific rigor, our fluorescence images are presented with the same 
scaling. Therefore, comparing control to LLO-injured cells, we see an important drop in septin 
fluorescence using the same scaling. However, we increased the display of the septin 
fluorescence in the zoomed images, as in Fig. 2Abii, where we can appreciate that a proportion 
of septins is still associated with the actin stress fibers. Our images showed the presence of 
actin stress fibers in LLO-injured cells and a smaller proportion of septins is still associated with 
the actin stress fibers compared to control cells (Fig. 2Ab, Fig. 2Abii, S. Fig. 5Ab, S. Fig. 5Abi, 
S. Fig. 5Bb, and S. Fig. 5Bbii). This is clarified on page 7 lines 204-206 and in figure 2 legend.

4- Even though, some information is given in the discussion section, it would be helpful to
mention in the introduction section the different pathways that cells activate to repair plasma



membrane defects, and to precise which one(s) has(ve) already been described in the literature 
to be switched on in response to the LLO toxin.
We added a sentence in the introduction on page 3, lines 76-80.

5-Some experiments are not rigorous enough: Sometimes, they have not been repeated, as
exemplified in Fig. 7B (now Fig. 8B). Count less cells but repeat the experiment at least three
times.
All of our conclusions were made based on data obtained from the average of at least three
independent experiments (N 3). Sometimes data were presented with N=2 or 1 for additional,
non-essential qualitative information. For example, the septin cytoskeleton is made of the
assembly of SEPT 2, 7 and 9. As shown in Fig. 2, S. Figs.5 and 6, septin filaments can be
indiscriminately visualized using anti-SEPT2, anti-SEPT7, or anti-SEPT9 antibodies. For
example, in Figure 4 C, we counted N=3 using cells labeled with anti-SEPT2 antibodies and
N=3 with cells labeled with anti SEPT-7 antibodies leading to highly similar data. All quantitative
analyses were performed counting cells labeled with anti-SEPT2 antibodies (N 3) in Fig. 8B. In
Fig. 8B, we presented additional data counted on cells labeled with anti-SEPT7 and anti-SEPT9
antibodies, which showed again similar results as with cells labeled with anti-SEPT2 antibodies,
as expected. Therefore, it would make little sense to repeat counting cells labeled with anti-
SEPT9 or anti-SEPT7 antibodies in Fig. 8B. All cell counting at time point 15 min were
performed with N 3. We agree that it is important to reach N=3 for the time points 5 and 10
min. These experiments are already carried out and we will further quantify time points 5 and 10
min in Fig. 2B, 2C, S. Fig. 5C, and Fig. 4C. We will also reach N=3 for ALIX colocalization at 15
min in Fig. 4C.
Sometimes, one condition is missing, as in Fig. 6C (now Fig. 7C). Where is the DMSO 
condition? What about the statistics?
Fig. 7C: the DMSO control was added to the figure. All statistical analyses of all data presented 
in the entire article are described in the methods and in the figure legends.
Fig. 6A (now Fig. 7A): In the calcium free condition, it seems that the two cells that are 
illustrated depict a telophase. The subcellular organization is obviously different at the end of 
cell division. Show only one interphase cell as in the top panels.
We do not think that the cells depict a telophase. Indeed, in calcium-free medium and in the 
presence of LLO, cell morphology is affected by excessive damage. To avoid any confusion, we 
selected another representative image in Fig. 7A.
Fig. 6B and C (now Fig. 7B and C): It is mentioned in the figure legend: "Cells were treated as 
indicated in (A) and (D)". But the "C" condition is not mentioned anywhere: Does "C" stand for 
no DMSO or FCF treatment, in the presence of calcium, but under LLO treatment?
Thanks for the comment, we clarified the figure and the figure legend in Fig. 7B and C. Yes, C 
was the condition without DMSO or FCF and with calcium.
Likewise, it would be very helpful to indicate in each figure panel whether cells have been 
treated with LLO or FCF. Please help the reader.
Thanks for the comment, we clarified all figure legends.
Fig. 7A (now Fig. 8A): Whatever SEPT7 is expressed or downregulated, the actin stress fibers 
are still present. If these cells were not well transfected, replace the images.
All presented images are representative. There were less actin stress fibers in SEPT7 silenced 
cells, but stress fibers were still present. Please see Fig.8A; S. Fig. 6B, C; S. Fig. 8.



6- Concerning the FCF experiments: The FCF cytokinin has been used by many authors to
perturb septin dynamics. It induces the stabilization of septin polymers, thus promoting the
formation of thick ectopic fibers. It is a potent inducer of septin polymerization and acts as a
stabilizer.
Fig. 6D (now Fig. 7D): In the Ctr condition, a DMSO condition is needed to visualize the impact
of FCF on septin filaments.
An additional image corresponding to the control DMSO was added.
Does FCF stabilize septins and induce the formation of thick filaments? 
This is correct, we observed thicker septin filaments in FCF-treated cells, as shown in Sup. 
Figure 7. 
The SEPT2 image in the FCF condition without LLO is of bad quality (see above remark).
Corresponding images were replaced, and a new S. Fig. 7 was added.
Also in Fig. 6D (now Fig. 7D) (FCF condition without LLO), the F-actin staining revealed that 
there are no stress fibers!!??? 
There are actin stress fibers in FCF-treated cells, we replaced images of FCF-treated cells 
(without LLO) in the new S. Fig. 7.
Usually, the more septins are associated with actin, the thicker stress fibers you get, since 
septins stabilize actin cables. FCF treatment often induces thick ectopic septin filaments that are 
not associated with stress fibers (which are therefore lost). Was it the case in all FCF-treated
cells? 
We did not observe a large number of ectopic septin filaments, septins were mostly associated 
with F-actin in FCF-treated cells. We did lose some stress fibers (stress fibers were less 
frequent) but not in all cells. Images in new S. Fig 7 show less stress fibers, which is consistent 
across all experiments. Cortical actin was still very much present in the loop structures. A lot of 
the FCF-treated cells had “thicker bundles” of septins located either in the middle in a clump or 
along the edges of the cells. 
Does FCF treatment really mimic what happens physiologically in the cell? Many off-target 
effects have been observed with this molecule in non-plant cells.
FCF is the only drug known to specifically affect septin filaments. FCF was used as an 
alternative approach to perturb septin organization. As with other drugs, we cannot rule out 
potential off-target effects, this is the reason why we used diverse experimental approaches. 
Importantly, FCF increases the formation of septin loops only in damaged cells (both 
mechanically damaged and injured by LLO). Collectively, these findings support that 
stabilization of the septin cytoskeleton by FCF stabilizes the septin structures formed during cell 
repair.

7- The image quality in Figs 3A and B (now 4A and B), and 6A and D (now 7A and D) needs to
be improved regarding the septin staining. In control conditions, septin filaments cannot be
clearly distinguished.
Septin filaments are clearly seen in Fig. 4A, we replaced the No LLO ANXA2-GFP cells in Fig.
4B. Images 7A and D were replaced.

8- Fig. 3B (now 4B): It seems that ANXA2 is overexpressed in LLO-injured cells. Its
accumulation level between both conditions should be compared by immunoblot.



ANXA2 is not overexpressed within the time frame of the experiment (15 min). The difference 
observed in control versus LLO-treated cells comes from the redistribution of ANXA2. ANXA2 is 
diffusively dispersed in non-injured, control cells and is massively redistributed to accumulate at 
the plasma membrane in LLO-injured cells leading to a brighter labeling. This is a common 
phenomenon observed with cytoplasmic proteins which staining becomes bright and obvious 
when suddenly recruited to the plasma membrane or organelles, and ANXA2 is well-known to 
be recruited to the plasma membrane of injured cells. 
ANXA2 is indeed recovered on loops, but it is difficult to consider whether it is a redistribution. 
The loops were not formed on non-injured cells and ANXA2 was cytoplasmic in non-injured 
cells. Therefore, the presence of ANXA2 on the newly formed septin loops can only correspond 
to ANXA2 redistribution. 

9- Fig. 7D (now 8D): Compared to the control condition (we have to refer to Fig. S5D, now SF
6D), ANXA2 again seems to be overexpressed under LLO treatment.
ANXA2 is not overexpressed, see comments above.
To affirm that ANXA2 remodeling in LLO-injured cells requires the formation of septin/F-actin
knobs and loops, data in Fig. 7D (now Fig. 8D) must be quantified.
Figure 8D shows ANXA2 silenced cells, therefore we cannot measure ANXA2 remodeling in this
experimental condition.  We quantified ANXA2 remodeling in SEPT7-deficient cells in
comparison to cells treated with non-targeting siRNA, this result is presented in Figure 8C.

10- Fig. 6 (B-D (now 7 B-D)): In panel B, there is a significant difference between the "C" and
"FCF" conditions regarding the number of knobs + loops per cell. Where are the images
corresponding to the "C" condition?
Images corresponding to the “C” was added to Fig. 7. We also clarified the legends of this figure
and added control images corresponding to the same experimental conditions without exposure
to LLO in the new S. Fig.7. These modifications were necessary to improve clarity.

Minor comments: 
11- Fig. 2A: Report the white squares (selected enlarged areas) in all panels (SEPT2 and
overlay). In panels b, do not place an arrowhead where we are supposed to observe an
enlarged area. Also, from panels b, it would be worth showing an enlarged area including a
knob. Show enlarged areas also from panels d.
White squares were added. We also added magnified images to highlight the knob structures
(2Abi) and additional loop structures (2Adi).  

12- Fig. 3B'i (now 4B’i): Septins are not on stress fibers. Select a transfected cell where septins
still coalign with actin fibers, not a cell that was impaired by the transfection.
We agree. Image 4B was changed, its corresponding enlarged panel shows the co-alignment of
the septins with F-actin in 4Bi’.

13- Fig. 3C (now 4C): Add the time point "0min". What was the % of colocalization before LLO
treatment? and in DMSO condition?
At the time points 0, 5, 10 and 15 min, in absence of LLO, ANXA2 is not recruited to the plasma
membrane and the septin knobs and loops are not formed. This is why we presented only the 
time point 15 min without LLO. There is no DMSO in these experiments. 



What about ALIX at 5 and 10min? Again, it's only one experiment. 
We observed minimal colocalization between ALIX and the septins at all studied time points in 
multiple experiments. However, we noticed a very clear and high level of co-localization 
between ANXA2 and the septins. This is the reason why we prefer investing our time in 
characterizing the co-localization between ANXA2 and the septins, the topic of this article. We 
show that ALIX displays poor co-localization with the septins at all time points, counting cells 
from one of our representative experiments. We will count more experiments to reach N=3 at 15 
min. Of note, only conclusions were made on ANXA2, we do not make any conclusions about 
the ESCRT-III (ALIX) in this article. 

14- Figs 4 and 5 (now 5 and 6): Very nice images but obtained following FCF exposure.
Hopefully FCF would not have induced an aberrant organization!
Thank you. We showed numerous images of septin redistribution in the presence and absence
of FCF throughout the article. In both experimental conditions, septins redistribute to form knobs
and loop-like structures only on damaged cells. The difference with the FCF treatment was
quantified in Fig. 4, which shows the more pronounced redistribution of the septins in FCF-
treated cells, in accordance with the stabilization of septins by FCF. These structures are only
observed in damaged cells which collectively shows that their formation is not an artifact due to
FCF.

15- The "Ctr" abbreviation is often used, in different conditions, and may be confusing. Precise
in the figure (not in the figure legend) whether it is siRNA ("Ctr siRNA"). Mention "DMSO" for the
controls of your drugs (like in Figs S4 and S5, now S5 and S6).
We clarified all control abbreviations in all figures.

16- Fig. S4C (now S5C): How is this figure different or does it provide additional information
compared to Fig. 2C?
Fig. S5C shows the number of knobs and loops per cell that display knobs or loops, whereas
Fig. 2C shows the number of knobs and loops per total cells (including cells that do not display
knob or loops). The supplemental figure is not essential and could be removed if requested.

17- Fig. S5D (now S6D): It is hard to know that the ANXA2 siRNA worked, since no difference
of staining between the Ctr and the transfected cells can be observed. Were these cells really
transfected? It would have been helpful to use fluorescent siRNAs.
ANXA2 silencing was effective, we quantified 88% silencing with siRNA3 by western blot in S.
Fig. 4H.
The same applies to Fig. S5C (now S6C): Silencing SEPT7 supposedly greatly reduces the
level of expression of all septins. The SEPT2 staining is still high, and many actin stress fibers
are still observable (whereas the loss of septin filaments results in the loss of actin stress fibers,
as observed by many authors, including in HeLa cells). Same remark for Fig. S6 (now S7),
regarding the SEPT7 silencing in the Ctr condition (no LLO). No impact on stress fibers! Are
these cells transfected? The authors themselves mention that sometimes cells are less
effectively silenced (like in Fig. 7A, B, now 8A, B). Why not to show cells effectively silenced!!
As mentioned in our responses above, SEPT7 silencing does reduce (but does not abolish) the
expression of other septins as we showed by western blotting and imaging. F-actin stress fibers
were still present in SEPT7 silenced cells. The presented images are representative of our
experimental data.



18- In the abstract, it is specified that SEPT7 also plays a role in membrane repair after
mechanical wounding. Based only on one type of experiment (SEPT7 silencing, Fig. 1H), this
statement should only be mentioned in the text or used to discuss the putative repair
mechanisms that septins are involved in, but not stated in the abstract as a main conclusion.
The assay used to assess repair of mechanical damage is a reliable assay commonly used in
the literature. This assay is sufficient to report that septins are required for the repair of
mechanical wounds. Importantly, we included ANXA2 silenced cells as a positive control to
validate our assay, as shown previously in the literature. Furthermore, we added a new figure
(new Fig. 3) showing the redistribution of the septins in mechanically wounded cells. Finally,
this new figure shows that the redistribution occurs at the site of mechanical damages, and FCF
enhanced the redistribution of septins in mechanically wounded cells. Collectively, we feel
confident to write in the abstract that the septin cytoskeleton is required for the repair of
mechanical wounds.

Reviewer #2 (Significance (Required)):

2. SIGNIFICANCE

Strengths:
Despite septins have been involved in endocytosis, exocytosis, membrane protrusions, cell 
junction integrity or actomyosin constriction at cytokinesis, the involvement of the septin 
cytoskeleton in the plasma membrane repair machinery has, to my knowledge, never been 
reported before. The authors not only showed that septins are present in specific membrane 
protrusions (knobs and loops) but also evidenced that septin filaments trigger the formation of 
these plasma membrane repair domains by recruiting F-actin and ANXA2, essential for the 
repair to occur. The novelty of this study has therefore to be acknowledged, and these data will 
benefit the scientific community, and the septin community in particular.
This is a descriptive paper that nevertheless clearly shows, by different means, the 
reorganization of the septin cytoskeleton in LLO-injured cells. The use of high-resolution 
microscopy coupled to 3D reconstruction which enables to easily appreciate the organization of 
septins, F-actin and ANXA2 in the knobs and loops is a true strength of the paper.

Limitations:
The authors mention in the abstract that septins act as scaffolds to recruit contractile actin fibers 
and ANXA2. Biochemical experiments such as co-immunoprecipitations could strengthen this 
notion.
The last sentence of our abstract is as follows: “Collectively, our data support a novel model in
which the septin cytoskeleton acts as a scaffold to promote the formation of plasma membrane 
repair domains containing contractile F-actin and annexin A2.” 
We believe that the presented data strongly support this proposed model without the need for 
further experiments. Indeed, we demonstrated that (i) septins are required for plasma 
membrane repair; (ii) septins are required for the remodeling of the submembranous actin 
cytoskeleton to form intertwined actin/septin filaments in close association with the repair protein 
ANXA2, as shown by super-resolution microscopy; and (iii) septins are also required for the 
recruitment of ANXA2. Finally, ANXA2 is well-known to be critical for the repair of 
transmembrane pores and the repair of mechanical wounds. Collectively, these results strongly 



support the structural scaffolding role of the septin cytoskeleton in membrane repair domain 
formation.
The molecular mechanism by which septins are involved in this repair process has not been 
addressed at all in the paper. 
See comments above, our studies are mechanistic and address the mechanism by which the 
septins are involved in repair: they control the formation of subdomains of the plasma 
membrane for the recruitment of molecules that repair the plasma membrane, i.e. annexin A2.

Even though the silencing RNA screen highlighted several proteins involved in known 
membrane repair mechanisms, the authors just presented a few data concerning ALIX, a 
component of the ESCRT-III machinery. A % of colocalization of SEPT2 and SEPT7 with ALIX 
is reported in Fig. 3C but this experiment has only been done once (n=1) and only following 15-
min exposure to LLO. Is that too late? Immunofluorescence images of SEPT2 and ALIX with or 
without LLO (15min) are also provided in Fig. S5A but no quantification is reported. Is it 
sufficient to say that the ESCRT machinery is not involved?
We reply to the comment about ALIX co-localization in point # 13 above. Our article did not 
make a conclusion about the ESCRT-III machinery. We understand the enthusiasm of the 
reviewer in asking additional questions. We do as well. However, one research article is not 
sufficient to discover everything about the novel role of the septins in plasma membrane repair. 
This article demonstrates the novel role of the septins in the repair of the plasma membrane 
damaged by mechanical wounds and transmembrane pores. The article also describes how the 
septins are redistributed during cell repair in a manner that correlates with repair efficiency, and 
their role in redistributing cortical actin and recruiting repair molecules such as ANXA2. We did 
not observe a co-localization with ALIX as we did with ANXA2, but we did not conclude that 
ESCRT-III is not involved.
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We are grateful to the reviewers for their insightful comments and their enthusiasm about the 
novelty of our findings. 
Reviewer 1 [“This is an exciting study that is also very well-documented. The 
excitement is provided by the following observations: first, septins have not previously 
been implicated in cell repair; second, the association of the septins with F-actin and 
myosin-2 in ring-like structures at the plasma membrane is suggestive of the possibility 
that local contraction may promote healing, a long-standing idea derived from studies of 
frog oocyte healing”. And “third, a link between septins and annexins in cell repair or, for 
that matter, any other process, is novel. With respect to the support for their claims, the 
authors go above and beyond to make their case-every point is supported by multiple 
approaches-for example the importance of septins is shown via siRNA, shRNA, and 
inducible depletion-and the imaging is very, very nice.”] 
Reviewer 2  [“Altogether, their results evidenced that the septin cytoskeleton triggers 
the organization of membrane domains containing the actomyosin cytoskeleton and 
ANXA2, that are essential for the repair to occur.” And “The authors not only showed 
that septins are present in specific membrane protrusions (knobs and loops) but also 
evidenced that septin filaments trigger the formation of these plasma membrane repair 
domains by recruiting F-actin and ANXA2, essential for the repair to occur. The novelty 
of this study has therefore to be acknowledged, and these data will benefit the scientific 
community, and the septin community in particular.”]. 

Below are point-by-point responses to all comments (our responses are indicated in blue, and 
modifications included in the revised article are underlined). The article and figures were 
updated based on our added results and the article has been reformatted. 

Reviewer #1 (Evidence, reproducibility and clarity (Required)): 

Review of "The septin cytoskeleton is required for plasma membrane repair" by Prislusky et al. 

Eukaryotic cells rapidly repair damage to their plasma membrane and underlying cortical 
cytoskeleton. Such repair is increasingly recognized as being of major importance to human 
health (PMID: 33849525). Two broadly conserved cell damage responses have been described: 
a very rapid membrane resealing response which commences within a second or so following 
damage, and a cortical cytoskeletal response which commences within ~15-30s and which is 
based on activation of the Rho GTPases. However, our understanding of either of these 
responses is extremely limited, a situation which has engendered considerable debate about 
not only the mechanistic bases of these responses but also their relative roles and the extent to 
which they may be interdependent. 

In the current study, the authors use an siRNA screen to identify Septin7 (hereinafter SEPT7) as 
a critical participant in the cell repair response. They further demonstrate that cell damage, as 
induced either by bacterial pore-forming proteins or by mechanical abrasion results in 
accumulation of septins (including SEPT7) in curious ring-like structures associated at the 
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plasma membranes; these structures are often associated with plasma membrane protrusions, 
which are a common feature of damaged cells. Additionally, the authors show that the septins 
colocalize with F-actin, myosin-2 (an F-actin-based motor protein) and annexin-2A, a protein 
previously implicated in cell repair. Lastly, the authors show that depletion of septins reduces 
the recruitment of annexin-2A to the plasma membrane in wounded cells, implying that the 
septins are upstream of the annexin in the wound response. 

This is an exciting study that is also very well-documented. The excitement is provided by the 
following observations: first, septins have not previously been implicated in cell repair; second, 
the association of the septins with F-actin and myosin-2 in ring-like structures at the plasma 
membrane is suggestive of the possibility that local contraction may promote healing, a long-
standing idea derived from studies of frog oocyte healing (PMID: 10359696; PMID: 11502762) 
which has proven controversial for healing of other cell types (see below); third, a link between 
septins and annexins in cell repair or, for that matter, any other process, is novel. With respect 
to the support for their claims, the authors go above and beyond to make their case-every point 
is supported by multiple approaches-for example the importance of septins is shown via siRNA, 
shRNA, and inducible depletion-and the imaging is very, very nice. 

The potential role for actomyosin-powered contraction in healing of wounds made in cultured 
mammalian cells has been largely discounted because of studies wherein cells are wounded 
after pharmacological treatment with actin poisons have shown that healing is actually 
improved. The problem with such studies, is that depolymerization of actin prior to cell damage 
will dramatically alter the response to damage due to loss of cortical tension (PMID: 19846787). 
Thus, besides being important in its own right, the current study opens new doors for 
experimental assessment of the possible roles for cortical actomyosin in cell repair. 
We thank the reviewer for his/her enthusiasm about our findings. 

I have only minor concerns or questions: 

1. What is the spatial relationship between the septin rings and actual damage sites? This could
be addressed by wounding in the presence of a lysine fixable dextran.
This is a great suggestion. The presence of lysine fixable fluorescent dextran in the culture
medium during cell wounding may allow visualizing the plasma membrane wounds as cell areas
with high dextran fluorescence intensities (due to dextran influx via the wounds). After washes,
chemical fixation, and fluorescent labeling of the septins, we should be able to visualize the
location of the membrane wounds (as dextran-positive cell portions) relative to the redistributed
septins. We tried this approach: Visualization of dextran fluxes through the 30-50 nm toxin
transmembrane pores was very challenging at non-lethal toxin concentrations (0.5 nM). Dextran
diffusion could only be observed in cells damaged with higher toxin concentrations or in cells
damaged with non-lethal toxin concentrations in calcium-free medium. Furthermore, when cells
were dextran-positive, we could not visualize the sites of damage as the entire cytosol was
uniformly fluorescent. We also used lysine-fixable fluorescent dextran in mechanically damaged
cells. We found that although the dextran entered the entire cell cytoplasm, its fluorescence
intensity was increased at locations where the septins were redistributed. This is consistent with
the notion that septins are redistributed in proximity to the wound sites which are dextran entry
sites (new Figure EV 2C). Importantly, septins were only redistributed in damaged cells (dextran
positive cells) but not in non-damaged surrounding cells which did not incorporate the
fluorescent dextran. Also, cell treatment with FCF increased septin redistribution in mechanically
wounded cells (dextran positive), as we previously observed in toxin-perforated cells, but not in
dextran negative cells. Again, in FCF-treated cells, redistributed septins co-localized with cell
portions of high dextran fluorescence. Collectively, these data support that the septins are



redistributed on the edges of the mechanical wounds. We thank the reviewer for this great 
suggestion; we accordingly modified the results section (page 7, lines 203-205, and page 9, 
lines 265/266). 

2. The information in table 1 (now Table EV1) could be made more reader-friendly. In particular,
it is not clear how the authors are getting their gene/protein names for their hits and what they
correspond to. This was most noticeable for IQSEC1, ABI1, and GBF1 which the authors
describe in the text as “genes that control the actin cytoskeleton” but in the table are listed as
“Signaling proteins”. I may have the abbreviations wrong (which is more reason for additional
clarity) but GBF1 is the abbreviation for a protein involved in intracellular trafficking; IQSEC1 is a
GEF for Arf proteins, and ABI1 is best known as a subunit of the WAVE complex.
We verified all gene names using the HUGO Gene Nomenclature (HGNC, genenames.org)
(PMID: 32747822) and the Human Gene Database (GeneCards.org). This information has been
added to the legend of Table EV1. We also rearranged Table EV1 as follows: changed
M6PRBP1 for PLIN3, which is the approved gene name, and italicized all gene symbols. We
replaced “signaling” with “Guanine Nucleotide Exchange Factors” including the GEFs IQSEC1
and GBF1. We created the category “Cytoskeletal Regulation” including SEPT7 and Abl1 and 
modified accordingly the text of the results section (page 5, lines 126-128). 

3. The statement that begins the abstract "Mammalian cells are frequently exposed to
mechanical and biochemical stresses..." could just as easily be "Eukaryotic cells..." or even
"Cells..." as the membrane repair response is apparently universal and, indeed, was first
described in nonmammalian cells. Similarly, the introduction begins "The plasma membrane of
mammalian cells forms a biophysical barrier that separates the cell from its external
environment". As far as I know, this is not a specific feature of mammalian plasma membranes
but rather all plasma membranes. I don't know if it is the author's intention to imply their work is
only relevant to mammals, but that is certainly not the case and they end up reducing the impact
of their work by making it sound like cell repair is a phenomenon specific to mammalian cells.
We accordingly modified the abstract and introduction. We shortened the abstract to improve its
overall clarity and impact. 

4. The word "subplasmalemmal" is likely to be confusing for those who are not aware that
plasmalemma is an antiquated term for the plasma membrane. It might be easier for the reader
if the authors refer to "subdomains of the plasma membrane".
We replaced subplasmalemmal with “subdomains of the plasma membrane” or equivalent (e.g.
submembranous domains) throughout the article. 

Reviewer #2 (Evidence, reproducibility and clarity (Required)): 

1. Evidence, reproducibility and clarity

Summary 
This study highlights the role of the septin cytoskeleton in plasma membrane repair in HeLa 
cells perforated by the pore-forming toxin listeriolysin O (LLO). The authors performed a 
silencing RNA screen targeting protein-coding genes involved in endocytosis, exocytosis and 
intracellular trafficking. Besides the recovery of proteins that were previously identified to be part 
of the membrane repair machinery, they uncovered novel plasma membrane repair candidates, 
including septin 7 (SEPT7). 
They found that upon LLO treatment, septins redistribute from actin stress fibers to the cell 



surface where they form knobs and loops together with F-actin, Myosin-IIA and Annexin A2 
(ANXA2). Using super resolution microscopy and 3D reconstruction, they showed that these 
structures often protruding from the cell surface are formed by septins and F-actin that are 
organized in intertwined filaments associated with Annexin A2, and that they are functionally 
correlated with plasma membrane repair efficiency. Silencing SEPT7 further revealed that the 
remodeling of the repair protein ANXA2 at the cell surface is greatly decreased in LLO-injured 
cells, whereas the down regulation of ANXA2 had no impact on the arrangement of septins and 
F-actin into knobs and loops.
Altogether, their results evidenced that the septin cytoskeleton triggers the organization of
membrane domains containing the actomyosin cytoskeleton and ANXA2, that are essential for
the repair to occur.
Thank you for the great summary!

Major comments: 

1- The authors show that silencing SEPT6 or SEPT7, but not SEPT2 or SEPT9, perturbed
plasma membrane repair of LLO-injured cells. Yes.
The authors explain this result by indicating that the reduced expression of SEPT7 and SEPT6
(according to the siRNA), but not that of SEPT2 results in a reduced expression of septins from
other groups.
This comment is accurate for SEPT7. However, our data do not support that SEPT6 silencing
reduces the expression of other septins, and the article does not mention that silencing SEPT6
resulted in reduced expression of septins from other groups.
This could have been an explanation but, in Fig. S2B (now Figure EV1C), downregulating
SEPT2 clearly seem to impact the expression of SEPT6 and SEPT7 (except for siRNA#3) once
normalized with the loading control tubulin. Moreover, it is well accepted in the literature and has
been observed in many cell types, including HeLa cells, that knocking down a septin from one
group (with sometimes the exception of septins of Group 3) induces the downregulation of
septins of the other groups, and that it consistently results in the loss of septin filaments.
Therefore, the fact that silencing SEPT2 does not perturb plasma membrane repair is quite
surprising. This could suggest that SEPT6 and SEPT7, independently of their filament
organization, play a role in membrane repair after LLO treatment. Nevertheless, the SEPT2
staining to study the fate of septin filaments following LLO exposure indicated that it is the
redistribution of septin filaments that is crucial in this repair process.
We reported that silencing SEPT2 had little effect on the expression of other septins such as
SEPT7 (page 6, lines 140-141; Fig. EV1C). If requested, we can include additional examples of
western blots. Quantification of western blots showed that SEPT7 expression was only
decreased in the range of 10 to 30% in SEPT2 KD cells, which is not sufficient to abolish the
formation of the septin filaments. These results are consistent with findings reported by Dr.
Spiliotis lab (leading expert in septin biology) “Depletion of SEPT2 results only in a modest
decrease of other septins.” (PMID: 21737677). The same article showed that another member
of the SEPT2 subgroup, such as SEPT5, needs to be depleted together with SEPT2 to strongly
affect SEPT7 expression. An article from another group showed that knocking down SEPT2
expression had no noticeable effect on SEPT7 expression in HeLa cells (PMID: 27215606).
Therefore, it is not surprising that SEPT2 silencing in our experiments does not perturb septin
filament formation, and thus does not affect plasma membrane repair. To clarify this important



point, we included fluorescence images of SEPT2 and SEPT7 knocked down cells in 
comparison to cells exposed to non-targeting siRNAs (new Figure EV 1G). These images show 
that formation of septin filaments was severely decreased in SEPT7-, but not in SEPT2-knocked 
down cells. In SEPT2 knocked down cells, septin filaments were only slightly decreased (page 
6, lines 140-141). 

Interestingly, BORG proteins which are involved in the association of septin filaments to the 
actin cytoskeleton in interphase cells bind to the SEPT6/SEPT7 coiled-coil region of septin 
polymers. Could these proteins be involved, knowing that they are Cdc42 effector proteins, and 
that links exist between Cdc42 activation and Ca2+ entry? 
OPTIONAL: silencing BORG proteins (BORG2 for example) and studying septin and F-actin 
remodeling following LLO exposure could help the authors to understand the reason of such a 
redistribution. 
BORG proteins might be involved in remodeling the septins during plasma membrane repair; we 
thank the reviewer for this great suggestion. As the reviewer mentions, this would be optional. 
Our article reports for the first time: (i) the role of the septins in plasma membrane repair of 
mechanical and toxin-induced plasma membrane wounds, (ii) the septin redistribution during 
repair and (iii) provides mechanistic information about the structural role of the septins in 
remodeling the actomyosin cytoskeleton and recruitment of repair molecule ANXA2 during 
plasma membrane repair. We feel that the search for the proteins that anchor the septins to the 
plasma membrane during cell repair will be the object of future studies. 

2- What about the terms "knob" and "loop": Are they structurally related to the "specks"
described in other papers? Or are they new structures that no one observed before? Nobody
has never looked at septins in this repair process before, but actin has long been described to
be involved.
We do not know what is meant by “specks”, a reference would have been helpful. Previous
studies, including our studies, showed that LLO and other cholesterol-dependent cytolysins
remodel the cortical actin cytoskeleton in a calcium-dependent fashion, but this redistribution
had not been attributed to cell repair (PMID: 17301241, PMID: 29187576). As explained by the
reviewer, nobody has ever looked at the structure of the septins and co-localization between
septins and cortical actin during plasma membrane repair; this explains why these structures
have not been previously noticed.

3- It seems that knobs are formed before loops take over. This would deserve further
investigation. Is that a reality? Or are they two independent structures?
- OPTIONAL: it would be interesting to do time-lapse video microscopy to follow the fate of a
knob.
As written in the discussion: “The knobs may be an early stage of the loop formation based on
the timing of their respective appearance (Figure 2C)”. Future studies will investigate septin
dynamics during plasma membrane repair.
Related to the previous point: why to show 3 sets of images in the LLO condition in Fig. 2A.  We
report for the first time the redistribution of the septin cytoskeleton during plasma membrane
repair. We thought that several images were required to properly document septin redistribution:
(1) Fig. 2Aa (no LLO) and 2Ab (+LLO) are single-plan images focused on the bottom adherent
membranes where actin stress fibers are most abundant to anchor cells to the culture dish.
These pictures highlight that a fraction of septins dissociates from the actin stress fibers. (2) Fig.
2Ac and 2Ad are 3D reconstructions from z-stacks to show the overall redistribution of the



septin cytoskeleton in association with the actin cytoskeleton in the entire cell including upper 
plasma membranes. 
Does the top b-panel represent the knob stage? The top b panel shows that a fraction of septins 
dissociated from actin stress fibers and shows several examples of knob structures. We also 
added a zoomed-in image of a knob structure in Fig. 2Abi. 
Where there are still many stress fibers indicating that septins have not yet fully redistributed? 
We report that septins partially dissociate from actin stress fibers. Actin stress fibers are still 
present in LLO-exposed cells and are still associated with some septins, as shown in Figs. 2Ab 
and 2Abii and Figs. EV2Abi, 2Bbii. 
And when septins are fully dissociated from actin cables, which are then lost, loops are forming 
(middle c-panel) and then increase in size (bottom d-panel)? Our data do not show that the 
septins fully dissociate from actin stress fibers and do not show that actin stress fibers were lost 
in LLO-treated cells. Also, we do not claim that the septin loops increase in size over time. Our 
images showed the presence of actin stress fibers in LLO-injured cells and a smaller proportion 
of septins associated with the actin stress fibers compared to control cells (Figs. 2Ab, 2Abii, 
Figs. EV2Ab, 2Abi, 2Bb, and 2Bbii). We report that the septins partially dissociate from the actin 
stress fibers in LLO-injured cells. For scientific rigor, our fluorescence images are presented 
with the same scaling across different experimental conditions (with or without LLO exposure). 
Relative to control cells (no LLO), there is a marked decrease in septin fluorescence intensity in 
LLO-injured cells. However, this does not mean that ALL septins dissociated from the actin 
stress fibers. As shown by increasing the display of the septin fluorescence intensity in zoomed 
images, there are still some septins in association with the F-actin stress fibers (Fig. 2Abii). This 
is now clarified on page 7 lines 200-202 and in Figure 2 legend. 

4- Even though, some information is given in the discussion section, it would be helpful to
mention in the introduction section the different pathways that cells activate to repair plasma
membrane defects, and to precise which one(s) has(ve) already been described in the literature
to be switched on in response to the LLO toxin.
We added a sentence in the introduction on page 3, lines 72-77.

5-Some experiments are not rigorous enough: Sometimes, they have not been repeated, as
exemplified in Fig. 7B. Count less cells but repeat the experiment at least three times.
All of our conclusions were made based on data obtained from the average of at least three
independent experiments (N 3) at time point 15 min. We presented data at time points 5 and 10
min to show that septins redistribute overtime, these time points were counted with N=1 and
were representative of several experiments. We now have enumerated the septin redistribution
at time points 5 and 10 min with N= 3 in Figs. 2B, C. Sometimes data were presented with N=2
or 1 for additional, non-essential qualitative information. For example, the septin cytoskeleton is
made of the co-assembly of SEPT 2, 7 and 9, and septin filaments can be indiscriminately
visualized using anti-SEPT2, anti-SEPT7, or anti-SEPT9 antibodies as shown in Fig. 2, Fig.
EV2. For example, in Fig. 2C, we enumerated septin redistribution using anti-SEPT2 Abs and,
in parallel, using anti-SEPT7 Abs, both with N=3 leading to highly similar data. All quantitative
analyses were performed by counting cells labeled with anti-SEPT2 antibodies (N 3). In Fig.
7B, we presented additional data counted on cells labeled with anti-SEPT7 and anti-SEPT9
antibodies, which showed again similar results as with cells labeled with anti-SEPT2 antibodies,
as expected. Therefore, it would make little sense to repeat counting cells labeled with anti-
SEPT9 or anti-SEPT7 antibodies in Fig. 7B. In Figs. 2B, 2C, and Fig. 3C. We also counted N=3
for ALIX colocalization at 15 min in Fig. 3C



Sometimes, one condition is missing, as in Fig. 6C. Where is the DMSO condition? What about 
the statistics? 
Fig. 6C: the DMSO control was added to the figure.  All statistical analyses of all data are 
presented in the methods and figure legends. 
Fig. 6A: In the calcium-free condition, it seems that the two cells that are illustrated depict a 
telophase. The subcellular organization is obviously different at the end of cell division. Show 
only one interphase cell as in the top panels. 
We do not think that the cells depict a telophase. Cell morphology is affected by excessive 
damage in the presence of LLO in calcium-free medium. To avoid any confusion, we selected 
another representative image in Fig. 6A. 
Fig. 6B and C: It is mentioned in the figure legend: "Cells were treated as indicated in (A) and 
(D)". But the "C" condition is not mentioned anywhere: Does "C" stand for no DMSO or FCF 
treatment, in the presence of calcium, but under LLO treatment? 
We clarified the figure and the figure legend in Fig. 6B and C. Yes, C was the condition without 
DMSO or FCF and with calcium. 
Likewise, it would be very helpful to indicate in each figure panel whether cells have been 
treated with LLO or FCF. Please help the reader. 
We clarified all figure panels and legends. 
Fig. 7A: Whatever SEPT7 is expressed or downregulated, the actin stress fibers are still 
present. If these cells were not well transfected, replace the images. 
All presented images are representative. There were less actin stress fibers in SEPT7-silenced 
cells, but stress fibers were still present. Please see Fig. 7A; Fig. EV1G and Fig. EV5A-C. 

6- Concerning the FCF experiments: The FCF cytokinin has been used by many authors to
perturb septin dynamics. It induces the stabilization of septin polymers, thus promoting the
formation of thick ectopic fibers. It is a potent inducer of septin polymerization and acts as a
stabilizer.
Fig. 6D: In the Ctr condition, a DMSO condition is needed to visualize the impact of FCF on
septin filaments.
An additional image corresponding to the control DMSO was added in Fig. EV4
Does FCF stabilize septins and induce the formation of thick filaments? 
This is correct, we observe thicker septin filaments in FCF-treated cells, as shown in Fig. EV4 
The SEPT2 image in the FCF condition without LLO is of bad quality (see above remark). 
Corresponding images were replaced, and a new  Fig. EV4 was added. 
Also in Fig. 6D (FCF condition without LLO), the F-actin staining revealed that there are no 
stress fibers!!??? 
There are actin stress fibers in FCF-treated cells, to make this point more evident, we replaced 
images of FCF-treated cells (without LLO) in the new Fig. EV4. 
Usually, the more septins are associated with actin, the thicker stress fibers you get, since 
septins stabilize actin cables. FCF treatment often induces thick ectopic septin filaments that are 
not associated with stress fibers (which are therefore lost). Was it the case in all FCF-treated 
cells? 
We did not observe a large number of ectopic septin filaments and septins were mostly 
associated with F-actin in FCF-treated cells. We did lose some stress fibers (stress fibers were 
less frequent) but not in all cells. Images in new Fig. EV4 show less stress fibers, which is 



consistent across all experiments. Cortical actin was still very much present in the loop 
structures. A lot of the FCF-treated cells had “thicker bundles” of septins located either in the 
middle in a clump or along the edges of the cells. 
Does FCF treatment really mimic what happens physiologically in the cell? Many off-target 
effects have been observed with this molecule in non-plant cells. 
FCF is the only drug known to specifically affect septin filaments. FCF was used as an 
alternative approach to affect septin organization. As with other drugs, we cannot exclude 
potential off-target effects, this is the reason why we used diverse experimental approaches. 
Importantly, FCF increases the formation of septin loops which were observed in the absence of 
FCF. Also, FCF increased formation of septin loops only in damaged cells (both mechanically 
damaged and injured by LLO). Collectively, these findings support that stabilization of the septin 
cytoskeleton by FCF stabilizes the septin structures formed during cell repair. 

7- The image quality in Figs 3A and B, and 6A and D needs to be improved regarding the septin
staining. In control conditions, septin filaments cannot be clearly distinguished.
Septin filaments are clearly seen in Fig. 3A, we replaced the No LLO ANXA2-GFP cells in Fig.
3B. Images in 6A and D were also replaced. 

8- Fig. 3B: It seems that ANXA2 is overexpressed in LLO-injured cells. Its accumulation level
between both conditions should be compared by immunoblot.
ANXA2 is not overexpressed within the time frame of the experiment (15 min). The difference
observed in control versus LLO-treated cells comes from the redistribution of ANXA2. ANXA2 is
diffusively dispersed in non-injured control cells and is redistributed to accumulate at the plasma
membrane in LLO-injured cells leading to a brighter fluorescence. This is a common
phenomenon observed when cytosolic proteins are recruited to the plasma membrane or
organelles, and ANXA2 is well-known to be recruited to the plasma membrane of injured cells.
ANXA2 is indeed recovered on loops, but it is difficult to consider whether it is a redistribution.
The loops were not formed on non-injured cells. Thus, the presence of ANXA2 on the newly
formed septin loops can only correspond to ANXA2 redistribution.

9- Fig. 7D: Compared to the control condition (we have to refer to Fig. S5D, now Fig.  EV5D),
ANXA2 again seems to be overexpressed under LLO treatment.
ANXA2 is not overexpressed, see comment above.
To affirm that ANXA2 remodeling in LLO-injured cells requires the formation of septin/F-actin
knobs and loops, data in Fig. 7D must be quantified.
Figure 7D shows ANXA2 silenced cells, therefore we cannot measure ANXA2 remodeling in this
experimental condition.  We quantified ANXA2 remodeling in SEPT7-deficient cells in
comparison to cells treated with non-targeting siRNA, this result is presented in Figure 7C.

10- Fig. 6 (B-D): In panel B, there is a significant difference between the "C" and "FCF"
conditions regarding the number of knobs + loops per cell. Where are the images corresponding
to the "C" condition?
Images corresponding to the “C” were added to Fig. 6. We also clarified the legends of this
figure and added control images corresponding to the same experimental conditions without
exposure to LLO in the new Fig. EV4. These modifications were necessary to improve clarity.



Minor comments: 
11- Fig. 2A: Report the white squares (selected enlarged areas) in all panels (SEPT2 and
overlay). In panels b, do not place an arrowhead where we are supposed to observe an
enlarged area. Also, from panels b, it would be worth showing an enlarged area including a
knob. Show enlarged areas also from panels d.
White squares were added. We also added magnified images to highlight the knob structures
(2Abi) and additional loop structures (2Adi). 

12- Fig. 3B'i: Septins are not on stress fibers. Select a transfected cell where septins still coalign
with actin fibers, not a cell that was impaired by the transfection.
Image 3B was changed, its corresponding enlarged panel shows the co-alignment of the septins
with F-actin in 3Bi’.

13- Fig. 3C: Add the time point "0min". What was the % of colocalization before LLO treatment?
and in DMSO condition?
At the time points 0, 5, 10 and 15 min, in the absence of LLO, ANXA2 is not recruited to the
plasma membrane and the septin knobs and loops are not formed. This is why we presented 
only the time point 15 min without LLO. There is no DMSO in these experiments. 
What about ALIX at 5 and 10min? Again, it's only one experiment. 
We observed minimal colocalization between ALIX and the septins at all studied time points in 
multiple experiments. However, we noticed a very clear and high level of co-localization 
between ANXA2 and the septins. This is the reason why we focused on studying the co-
localization between ANXA2 and the septins, the topic of this article. We show that ALIX 
displays poor co-localization with the septins at all time points, counting cells from one of our 
representative experiments. We counted more experiments to reach N=3 at 15 min (Fig. 3C). Of 
note, only conclusions were made on ANXA2, we do not make any conclusions about the 
ESCRT-III (ALIX) in this article. 

14- Figs 4 and 5: Very nice images but obtained following FCF exposure. Hopefully FCF would
not have induced an aberrant organization!
Thank you. We showed numerous images of septin redistribution in the presence and in the
absence of FCF throughout the article. In both experimental conditions, septins redistribute to
form knobs and loops only on damaged cells. The difference with the FCF treatment was
quantified in Fig. 6, which shows the more pronounced redistribution of the septins in FCF-
treated cells, in accordance with the stabilization of septins by FCF. Collectively, our data show
that their formation is not an aberrant effect of FCF, but FCF increased their formation or their
stabilization.

15- The "Ctr" abbreviation is often used, in different conditions, and may be confusing. Precise
in the figure (not in the figure legend) whether it is siRNA ("Ctr siRNA"). Mention "DMSO" for the
controls of your drugs (like in Figs S4 and S5, now S5 and S6).
We clarified all control abbreviations in all figures.

16- Fig. S4C: How is this figure different or does it provide additional information compared to
Fig. 2C?
We agree, this figure was not essential and was removed.



17- Fig. S5D (now Fig. EV5D): It is hard to know that the ANXA2 siRNA worked, since no
difference of staining between the Ctr and the transfected cells can be observed. Were these
cells really transfected? It would have been helpful to use fluorescent siRNAs.
ANXA2 silencing was effective, we quantified 88% silencing with siRNA3 by western blot in Fig.
1I.
The same applies to Fig. S5C (now Fig. EV5B): Silencing SEPT7 supposedly greatly reduces
the level of expression of all septins. The SEPT2 staining is still high, and many actin stress
fibers are still observable (whereas the loss of septin filaments results in the loss of actin stress
fibers, as observed by many authors, including in HeLa cells). Same remark for Fig. S6 (now
Fig. EV5C), regarding the SEPT7 silencing in the Ctr condition (no LLO). No impact on stress
fibers! Are these cells transfected? The authors themselves mention that sometimes cells are
less effectively silenced (like in Fig. 7A, B, still Fig. 7A, B). Why not to show cells effectively
silenced!!
As mentioned in our responses above, SEPT7 silencing reduces, but does not fully abolish, the
expression of other septins as we showed by western blotting and imaging. F-actin stress fibers
were still present in SEPT7 silenced cells. The presented images are representative of our
experimental data.

18- In the abstract, it is specified that SEPT7 also plays a role in membrane repair after
mechanical wounding. Based only on one type of experiment (SEPT7 silencing, Fig. 1H, now
Fig. 1J), this statement should only be mentioned in the text or used to discuss the putative
repair mechanisms that septins are involved in, but not stated in the abstract as a main
conclusion.
The assay used to assess repair of mechanical damage is a reliable assay commonly used in
the literature. This assay is sufficient to report that septins are required for the repair of
mechanical wounds. Importantly, we included ANXA2-silenced cells as a positive control to
validate our assay, as shown previously in the literature. Furthermore, we added a new figure
(new Fig. EV2C) showing the redistribution of the septins in mechanically wounded cells. This
new figure shows that the redistribution occurs at the site of mechanical damages, and FCF
enhanced the redistribution of septins in mechanically wounded cells. Collectively, we feel
confident to write in the abstract that the septin cytoskeleton is required for the repair of
mechanical wounds.

Reviewer #2 (Significance (Required)): 

2. SIGNIFICANCE

Strengths: 
Despite septins have been involved in endocytosis, exocytosis, membrane protrusions, cell 
junction integrity or actomyosin constriction at cytokinesis, the involvement of the septin 
cytoskeleton in the plasma membrane repair machinery has, to my knowledge, never been 
reported before. The authors not only showed that septins are present in specific membrane 
protrusions (knobs and loops) but also evidenced that septin filaments trigger the formation of 
these plasma membrane repair domains by recruiting F-actin and ANXA2, essential for the 
repair to occur. The novelty of this study has therefore to be acknowledged, and these data will 



benefit the scientific community, and the septin community in particular. 
This is a descriptive paper that nevertheless clearly shows, by different means, the 
reorganization of the septin cytoskeleton in LLO-injured cells. The use of high-resolution 
microscopy coupled to 3D reconstruction which enables to easily appreciate the organization of 
septins, F-actin and ANXA2 in the knobs and loops is a true strength of the paper. 

Limitations: 
The authors mention in the abstract that septins act as scaffolds to recruit contractile actin fibers 
and ANXA2. Biochemical experiments such as co-immunoprecipitations could strengthen this 
notion. 
The last sentence of our abstract was as follows: “Collectively, our data support a novel model 
in which the septin cytoskeleton acts as a scaffold to promote the formation of plasma 
membrane repair domains containing contractile F-actin and annexin A2.”  
We believe that the presented data strongly support this proposed model. Indeed, we 
demonstrated that (i) septins are required for plasma membrane repair; (ii) septins are required 
for the remodeling of the submembranous actin cytoskeleton to form intertwined actin/septin 
filaments in close association with the repair protein ANXA2, as shown by super-resolution 
microscopy; and (iii) septins are also required for the recruitment of ANXA2. Finally, ANXA2 is 
well-known to be critical for the repair of transmembrane pores and the repair of mechanical 
wounds. Collectively, these results strongly support the structural scaffolding role of the septin 
cytoskeleton in membrane repair domain formation. Anyhow, the term “scaffold” is not included 
in the shorten version of the abstract. 
The molecular mechanism by which septins are involved in this repair process has not been 
addressed at all in the paper. 
See comments above, our studies are mechanistic and address the mechanism by which the 
septins are involved in repair: they control the formation of subdomains of the plasma 
membrane for the recruitment of molecules that repair the plasma membrane such as annexin 
A2. 

Even though the silencing RNA screen highlighted several proteins involved in known 
membrane repair mechanisms, the authors just presented a few data concerning ALIX, a 
component of the ESCRT-III machinery. A % of colocalization of SEPT2 and SEPT7 with ALIX 
is reported in Fig. 3C but this experiment has only been done once (n=1) and only following 15-
min exposure to LLO. Is that too late? Immunofluorescence images of SEPT2 and ALIX with or 
without LLO (15min) are also provided in Fig. S5A but no quantification is reported. Is it 
sufficient to say that the ESCRT machinery is not involved? 
We reply to the comment about ALIX co-localization in point # 13 above. Our article did not 
make conclusion about the ESCRT-III machinery. We understand the enthusiasm of the 
reviewer in asking additional questions. We do as well. However, one research article is not 
sufficient to discover everything about the novel role of the septins in plasma membrane repair. 
We did not observe a co-localization with ALIX as we did with ANXA2, but we did not conclude 
that ESCRT-III machinery is not involved. In addition, we performed additional fluorescence 
labeling of the protein S100A11 (new Fig. EV3B), previously demonstrated to act together with 
ANXA2 and the actin cytoskeleton to repair mechanically damaged cells. This colocalization 
further supports our hypothesis of the role of the septins in organizing F-actin and ANXA2-
dependent plasma membrane repair domains. 









Referee #2: 

We are thankful to reviewer 2 for taking the Ɵme to review our arƟcle. Below are our point-by-point 
answers to all quesƟons including requested addiƟonal experiments (our answers are in blue font). 

The authors have answered most of the points raised, which has greatly improved and strengthened 
their manuscript, parƟcularly regarding quanƟficaƟon of data (Fig. 2B-C, Fig. 3C, Fig. 6B-C) and 
clarificaƟon of figure headings and legends. They also added further convincing data like the Emerald 
Dextran experiments to link their sepƟn redistribuƟon phenotype with damaged cells (Fig. EV2C) or the 
immunolabeling of the S100A11-M protein (Fig. EV3). They have shortened the abstract, which is now 
more streamlined and straight to the point. 
Nevertheless, in line with these improvements, some points sƟll have to be addressed to help 
understand the figures at first glance: 

- Fig. 1B: given the data points of siRNA 3, it is surprising that its effect is as significant as that of siRNAs 1
and 2. P is really <0.0001? As confirmed by our staƟsƟcian who repeated the staƟsƟcal analyses, P value
is <0.0001 for the SEPT7 siRNA 3 experimental condiƟon. The magnitude of the difference between
siRNA 3 and the control non-targeƟng siRNA is not as large as for SEPT7 siRNA 1 and 2; however, SEPT7
siRNA 3 is consistently higher for each experimental replicate compared to the control in the log-
transformed data.
- Fig. 1H and J: add "siRNA" at the x-axis “siRNA” was added.
- Fig. 2 is much clearer. Nevertheless, it would be interesƟng to also add 3D reconstrucƟon images for
the condiƟon without LLO. As the loops seem to be rather localized to the upper plasma membrane, this
would indeed be the real control to show that they are absent in this control condiƟon. A 3D
reconstrucƟon of LLO-treated versus control cells with a z-depth code was added to Figure 4B. In this
figure, it is clear that sepƟns redistribute to form protruding loops and knobs on the upper surface of the
LLO-treated cells but not in control cells.

- Figs. 3B, 7A and EV2A and B: please add the white squares to all the panels as you did in Fig. 2. White
squares were added to the images that correspond to a zoomed-in region.
- Fig. 3C: add "of LLO treatment" at the x-axis. We added “LLO Exposure Time (min)”

- Fig. 6D : add "in the presence of Ca" aŌer LLO (15min).

We added “1.2 mM Ca2+ ”
- Fig. 7B: also report the legend SEPT7 siRNA and Control siRNA (as in panel C). We added the legend for
SEPT7 and the Control siRNA.
- Fig. 7C: write "ANXA2 specks/Cell" at the y-axis. The Y axis was changed to ANXA2 Specks/ Cell
- Fig. 7D: it appears from the illustrated images that, under LLO treatment, more knobs and loops are
formed in the Ctr. siRNA versus ANXA2 siRNA3, which is not what is stated in the text (lines 286-287).
These data must be quanƟfied (as for the SEPT siRNAs) to consider more than 2 or 3 cells. We quanƟfied
the numbers of knobs and loops formed in ANXA2 (siRNA3) knocked down cells in comparison to cells



treated with the non-targeƟng siRNA. The results are included in Figure 7B (N=4 independent 
experiments).  As we previously observed, knocking down expression of ANXA2 had no significant effect 
on the formaƟon of the sepƟn loops and knobs in LLO-treated cells. 
- Line 298: do not write "specific" because it was shown that FCF has off-target effects. Rather write
"sepƟn-binding, sepƟn-targeƟng or sepƟn-stabilizing molecule". This was changed to “sepƟn-targeƟng”
- Lastly, regarding the ANXA2 level of expression, it is right that it is hard to believe that ANXA2 is
overexpressed within the Ɵme frame (15min) of the experiment. While a redistribuƟon (from
cytoplasmic puncta to loops) can clearly be seen for S100A11 (Fig. EV3B), it is difficult to assess such a
relocalizaƟon for ANXA2. We do not observe a reducƟon in cytoplasmic signal in favor of increased signal
in specific structures following LLO treatment. Adding a Western blot showing the accumulaƟon of
ANXA2 in the absence and presence of LLO would definiƟvely solve this ambiguity. As previously
answered, this labeling paƩern is typical of cytosolic proteins that are recruited to the plasma
membrane. As requested, we performed western bloƫng analysis of ANXA2 in cells treated for 15 min
with LLO in comparison to control cells incubated in the absence of LLO (Figure EV3B).  The data
demonstrate that ANXA2 expression was not increased in this Ɵmeline, as expected.  If anything, in LLO-
treated cells, ANXA2 expression was slightly decreased, likely due to the shedding of ANXA2-containing
vesicles during plasma membrane repair.
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