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15th Jan 20211st Editorial Decision

Dear Dr. Specht, 

Thank you for your pat ience while your manuscript  was peer-reviewed at  EMBO reports. We have
now received the full set  of referee reports that is pasted below. 

As you will see, all referees acknowledge that the data are interest ing. However, they also all have
several suggest ions for how the study could be further improved and strengthened. I think that all
concerns make sense and should be addressed. Please let  me know in case you disagree, so that
we can discuss the revisions further. 

I would thus like to invite you to revise your manuscript  with the understanding that the referee
concerns must be fully addressed and their suggest ions taken on board. Please address all referee
concerns in a complete point-by-point  response. Acceptance of the manuscript  will depend on a
posit ive outcome of a second round of review. It  is EMBO reports policy to allow a single round of
major revision only and acceptance or reject ion of the manuscript  will therefore depend on the
completeness of your responses included in the next, final version of the manuscript .

Revised manuscripts should be submit ted within three months of a request for revision; they will
otherwise be treated as new submissions. Please contact  us if a 3-months t ime frame is not
sufficient  for the revisions so that we can discuss this further. 

Regarding data quant ificat ion, please specify the number "n" for how many independent
experiments were performed, the bars and error bars (e.g. SEM, SD) and the test  used to calculate
p-values in the respect ive figure legends. This informat ion must be provided in the figure legends.
Please also include scale bars in all microscopy images.

IMPORTANT NOTE: we perform an init ial quality control of all revised manuscripts before re-review.
Your manuscript  will FAIL this control and the handling will be DELAYED if the following APPLIES: 
1) A data availability sect ion providing access to data deposited in public databases is missing. If
you have not deposited any data, please add a sentence to the data availability sect ion that
explains that.
2) Your manuscript  contains stat ist ics and error bars based on n=2. Please use scatter blots in
these cases. No stat ist ics should be calculated if n=2.

When submit t ing your revised manuscript , please carefully review the instruct ions that follow below.
Failure to include requested items will delay the evaluat ion of your revision.

1) a .docx formatted version of the manuscript  text  (including legends for main figures, EV figures
and tables). Please make sure that the changes are highlighted to be clearly visible.

2) individual product ion quality figure files as .eps, .t if, .jpg (one file per figure).
See ht tps://wol-prod-cdn.literatumonline.com/pb-assets/embo-
site/EMBOPress_Figure_Guidelines_061115-1561436025777.pdf for more info on how to prepare
your figures.

3) We replaced Supplementary Informat ion with Expanded View (EV) Figures and Tables that are
collapsible/expandable online. A maximum of 5 EV Figures can be typeset. EV Figures should be
cited as 'Figure EV1, Figure EV2" etc... in the text  and their respect ive legends should be included in



the main text  after the legends of regular figures.

- For the figures that you do NOT wish to display as Expanded View figures, they should be
bundled together with their legends in a single PDF file called *Appendix*, which should start  with a
short  Table of Content. Appendix figures should be referred to in the main text  as: "Appendix Figure
S1, Appendix Figure S2" etc. See detailed instruct ions regarding expanded view here:
<https://www.embopress.org/page/journal/14693178/authorguide#expandedview>

- Addit ional Tables/Datasets should be labeled and referred to as Table EV1, Dataset EV1, etc.
Legends have to be provided in a separate tab in case of .xls files. Alternat ively, the legend can be
supplied as a separate text  file (README) and zipped together with the Table/Dataset file.

4) a .docx formatted let ter INCLUDING the reviewers' reports and your detailed point-by-point
responses to their comments. As part  of the EMBO Press transparent editorial process, the point-
by-point  response is part  of the Review Process File (RPF), which will be published alongside your
paper.

5) a complete author checklist , which you can download from our author guidelines
<https://www.embopress.org/page/journal/14693178/authorguide>. Please insert  informat ion in the
checklist  that  is also reflected in the manuscript . The completed author checklist  will also be part  of
the RPF.

6) Please note that all corresponding authors are required to supply an ORCID ID for their name
upon submission of a revised manuscript  (<https://orcid.org/>). Please find instruct ions on how to
link your ORCID ID to your account in our manuscript  t racking system in our Author guidelines 
<https://www.embopress.org/page/journal/14693178/authorguide#authorshipguidelines>

7) Before submit t ing your revision, primary datasets produced in this study need to be deposited in
an appropriate public database (see
https://www.embopress.org/page/journal/14693178/authorguide#datadeposit ion). Please remember
to provide a reviewer password if the datasets are not yet  public. The accession numbers and
database should be listed in a formal "Data Availability" sect ion placed after Materials & Method
(see also ht tps://www.embopress.org/page/journal/14693178/authorguide#datadeposit ion). Please
note that the Data Availability Sect ion is restricted to new primary data that are part  of this study. *
Note - All links should resolve to a page where the data can be accessed. *
If your study has not produced novel datasets, please ment ion this fact  in the Data Availability
Sect ion. 

8) We would also encourage you to include the source data for figure panels that show essent ial
data. Numerical data should be provided as individual .xls or .csv files (including a tab describing the
data). For blots or microscopy, uncropped images should be submit ted (using a zip archive if
mult iple images need to be supplied for one panel). Addit ional informat ion on source data and
instruct ion on how to label the files are available at
<https://www.embopress.org/page/journal/14693178/authorguide#sourcedata>.

9) Our journal also encourages inclusion of *data citat ions in the reference list* to direct ly cite
datasets that were re-used and obtained from public databases. Data citat ions in the art icle text
are dist inct  from normal bibliographical citat ions and should direct ly link to the database records
from which the data can be accessed. In the main text , data citat ions are formatted as follows:
"Data ref: Smith et  al, 2001" or "Data ref: NCBI Sequence Read Archive PRJNA342805, 2017". In the



Reference list , data citat ions must be labeled with "[DATASET]". A data reference must provide the
database name, accession number/ident ifiers and a resolvable link to the landing page from which
the data can be accessed at  the end of the reference. Further instruct ions are available at
ht tps://www.embopress.org/page/journal/14693178/authorguide#referencesformat

We would also welcome the submission of cover suggest ions, or mot ifs to be used by our Graphics
Illustrator in designing a cover.

As part  of the EMBO publicat ion's Transparent Editorial Process, EMBO reports publishes online a
Review Process File (RPF) to accompany accepted manuscripts. This File will be published in
conjunct ion with your paper and will include the referee reports, your point-by-point  response and
all pert inent correspondence relat ing to the manuscript . 

You are able to opt out of this by let t ing the editorial office know (emboreports@embo.org). If you
do opt out, the Review Process File link will point  to the following statement: "No Review Process
File is available with this art icle, as the authors have chosen not to make the review process public
in this case."

I look forward to seeing a revised version of your manuscript  when it  is ready. Please let  me know if
you have quest ions or comments regarding the revision. 

Kind regards,
Esther

Esther Schnapp, PhD
Senior Editor
EMBO reports 

Referee #1:

The manuscript  "Different ial homeostat ic regulat ion of glycinergic and GABAergic nanocolumns at
mixed inhibitory synapses" by Yang et  al., invest igates the nanoscale organizat ion of mixed
Glycinergic and GABAAergic inhibitory synapses. By combining a single molecule localizat ion
microscopy approach (dSTORM) with convent ional epifluorescence imaging, the Authors analyze
the relat ive distribut ion of 4 different molecular complexes: i) RIM1/2 (at  the presynapt ic side), ii)
Gephyrin, iii) Glycine receptors (GlyRs) and iv) GABAA receptors (GABAARs) (at  the postsynapt ic
side). They found that these proteins are largely organized in sub-synapt ic domains (SSDs) and
that such SSDs at  the postsynapt ic side clusters are preferent ially aligned with the presynapt ic
ones thus leading to a nano-columnar modular structure. In addit ion, in spite of this organizat ion in
which the presynapt ic elements matches the postsynapt ic ones, this study shows that GlyRs and
GABAARs SSDs poorly overlap, thus revealing a further level of complexity of inhibitory synapt ic
organizat ion. Finally, they studied the act ivity-dependent changes of the aforement ioned molecular
complexes by manipulat ing voltage gated ion channels in vit ro and found that GABAARs are more
suscept ible to rearrangements by increased network act ivity than GlyRs. 
This is a solid a well-conceived study that advances our understanding of the molecular
arrangement at  the nanoscale level in part icular during act ivity-dependent modificat ions. The study
of mixed GlyR/GABAAR synapses offers an excellent  opportunity to understand the arrangement
of different molecular players coexist ing at  individual inhibitory synapses. In addit ion, this study
employs high methodological standards in the use of dSTORM technique. 



Major Points:
1) I understand that normalizat ion of the plast icity changes observed in 4-AP to that in TTX is
intended to maximize the differences observed. However I think that it  would be more formally
correct  to study the differences in both condit ions (TTX and 4-AP) from basal condit ions. Is there
any difference between basal condit ions and TTX? For instance in Bannai et  al., (2009), the
applicat ion of TTX and 4-AP significant ly reduces and increase the mobility of GABAA receptors,
respect ively, with respect to basal condit ions. I think that the Authors should show whether TTX
and 4-AP induces opposite changes. Related to this, what do the Authors expect when, instead of
depression, a protocol inducing potent iat ion would be applied? 

2) The Authors propose a mechanism for the different ial plast icity of both GABAARs and GlyRs
which involves the phosphorylat ion of S270 in gephyrin. However this conclusion is totally based on
the different propert ies of the rbGPHN and mAb7a ant ibodies. While I do not quest ion the
plausibility of this hypothesis I think that an effort  should be done to better demonstrate it . Did the
author independent ly verified that mAb7a ant ibodies preferent ially recognize phospho S270?
There are several independent studies from different labs that by analyzing, for instance, the
potent iat ion of GABAergic synapses found similar increase of gephyrin effect  by using the mAb7a
ant ibodies and ant ibody-free experiments. While these don't  necessarily argue against  that  st ill
mAb7a may show preference for phospho gephyrin, they do not support  the concept that  during
inhibitory plast icity scaffold gephyrin is rather fixed while only the level of gephyrin phosphorylat ion
will vary. So, I think that in order to strengthen their conclusions about the mechanisms of
different ial plast icity at  mixed inhibitory synapses the Authors should also show the results with an
ant ibody-free experiment. 
3) In a related point , The Authors propose a very intriguing hypothesis that gephyrin in SSDs could
be phosphorylated in S270 while outside it  might be dephosphorylated. They also propose that the
same mechanism should be implicated in the gephyrin interact ion with GABAA receptors. However
gephyrin molecule shows many other phosphorylat ion sites that modulate the stability of scaffold
and receptors. Do the Authors think that the phosphorylat ion of S270 is select ively playing a pivotal
role in the plast icity proposed here? Owing the fact  that  gephyrin undergoes heavy post-
t ranslat ional modificat ions I find difficult  that  phospho S270 would be the only determinant for such
mechanism. Maybe the authors should better frame the role of phospho S270. 

4) The Authors through the manuscript  ment ion "homeostat ic regulat ion/plast icity". The term
"homeostat ic" can be used to describe slight ly different processes. What do the Authors precisely
mean here? Could the lowering of GABAergic inhibit ion in response to increased network act ivity be
considered an ant i-homeostat ic process? Please clarify.

5) I think that a final graphical scheme summarizing the major findings of this study could help the
reader to better visualize the spat ial organizat ion of mixed inhibitory synapses in basal condit ions
and after regulat ion by act ivity. In part icularly I would be interested in visualizing gehyrin distributed
inside and outside SSDs. 

Minor points:

1) The sentence: "The ident ificat ion of gephyrin SSDs and their alignment with pre-synapt ic release
sites in vivo points to a possible role for synapt ic funct ion" maybe needs some rephrasing. It  seems
that in this study the authors mainly worked ex-vivo. In addit ion I think that in order to find "a
possible role for synapt ic funct ion" one doesn't  strict ly need an approach ex vivo, since many



studies (including this one) have inferred many possible role of nanoscale organizat ion in synapt ic
funct ion even neuronal cultures in vit ro. I suggest to soften it .

2) The sentence: "The low level of overlap between GlyR....." reads SSDS instead of SSDs.

3) In the discussion the Authors state: "Modeling predicts that the posit ioning of receptors in front
of vesicle release sites can increase the transmission efficacy at  excitatory synapses (Haas et  al.,
2018, MacGillavry et  a., 2013). Actually some modeling studies tackling the issue of the dependence
of the synapt ic current from the relat ive distance of releasing and postsynapt ic sites (and receptors
distribut ion) have also been performed at  GABAergic synapses in, e.g. Pugh and Raman (2005), and
Petrini et  al., (2011) (although in these studies the releasing site-receptor distance analysis has not
been related to SSDs).

The same comment could be pert inent in the sentence: "The relat ive vesicle load and binding
affinity of the neurotransmit ters therefore add to the complexity related to the nanoscale
organizat ion that controls the distance of GlyRs and GABAARs to the release site".

Referee #2:

Different ial homeostat ic regulat ion of glycinergic and GABAergic nanocolumns at  mixed inhibitory
synapses
Yang et  al. characterized the nanoscale co-organizat ion of glycinergic and GABAergic post-
synapt ic clusters at  the spinal cord synapses. The main conclusions are that (i) both GABAR and
GlyR subdomains are t rans-synapt ically aligned with pre-synapt ic release site ident ified through
RIM1/2 labelling. (ii) GlyR and GABAR subdomains barely overlap inside the PSD. (iii) Increase of the
neuronal act ivity regulates only GABAR subdomains and (iv) act ivity regulat ion affect  the
phosphorylat ion level of gephyrin. 
The overall paper is well done and based on solid and high level experiments and techniques. The
scient ific quest ion is relevant for the community and the amount of experiments is well adapted to
answer to the scient ific quest ions. However, some conclusions would need some addit ional
experiments to be validated.
Comments
1) The assessment that the 26 nm difference between the RIM to GlyR and the RIM to GABAR
alignment comes from the labelling at  the external part  or at  the internal part  of the receptors need
to be demonstrated or to be transferred to the discussion part . This 25 % difference between the
trans-synapt ic alignment could have other art ifactual or physiological explanat ions.
2) When authors compared the GlyR-GABAR SSD overlap and conclude that they almost do not
co-localize, they should show what is the 100% co-localizat ion they can reach with the technique,
by realizing, for example, dual color super-resolut ion on the same clustered protein. This will provide
both the percentage of co-localizat ion and the centroid-centroid distance. 
3) The explanat ion that GlyR and GABAR SSDs do not co-localize but are both aligned at  80% with
pre-synapt ic RIM1/2 is difficult  to understand. This result  is important in terms of synapt ic
physiology, either the two types of SSD are separated and the authors should observe almost 50%
of RIM1/2 clusters aligned with GlyR SSDs and the 50% with GABAR SSDs or there is some issue in
the quant ificat ion. The organizat ion of this specific synapse is one of the main key points of the
paper, the authors could not only explain with words these surprising results but should find a way
to demonstrate it .



4) The second paragraph of the discussion corresponds to new and quite important results with
numbers which are just  not iced without corresponding figure. This has to be documented in the
result  part .
5) The labelling with m7a ant ibody is quite strong and comparable to the total ant ibody, is it
possible that this ant ibody recognized both phosphorylated and non-phosphorylated form of
gephyrin? Is it  possible to est imate the percentage of phosphorylated gephyrin at  the PSD?

Referee #3:

In this work from Specht and colleagues the authors use dual color STORM based super resolut ion
approaches to study the subsynapt ic localisat ion of inhibitory receptors and their scaffold gephyrin.
Important ly some of the work is done in nat ive t issue. Interest ingly and important ly (but perhaps not
surprisingly given what is know for glutamate receptors), the authors show that receptors in
subsynapt ic domains (SSDs) form nanocolumns that align with Rim posit ive release sites. Of
part icular note in this study and which I think makes it  part icularly interest ing, is that  they use a
spinal cord preparat ion where inhibitory synapses contain both GABAARs and glycine receptors.
While both receptors use gephyrin as a scaffold, their affinity for gephyrin differs. This is therefore
very nice preparat ion to look at  nanoscopic distribut ion of two receptor types in the same
synapses. Interest ingly they find that GABAARs and glycineRs occupy different subsynapt ic
domains with only part ial overlap. The authors also go on to show that (in agreement with previous
work of receptor diffusion dynamics in the same preparat ion), GABAAR SSDs and glycineR SSDs
behave different ly upon neural act ivity changes, which may in part  be depedent on gephyin
phospho-regulat ion.

Overall, it 's a very nice paper with lots of important and interest ing results. I have only relat ively
minor comments as the work is the done to a high standard throughout.

Most ly my issues are around the act ivity dependence of SSDs and whether the study could have
more dimensions added to it  to add depth and impact. It  would have been nice to know more about
the underlying mechanisms. Given the robust read outs, could the authors not explore a bit  more on
the underlying signalling. 

If gephyrin dephosphorylat ion is important, then what is the underlying phosphatase driving this?
And does blocking that phosphatase block the loss of GABAAR SSDs?

Neural act ivity increases appear important but what about receptor act ivity? What happens to
SSDs in neurons treated with strychnine or GABA? Does agonist  t reatment select ively only impact
on the target receptor or is there cross talk?



Point-by-point response to the reviews 

Referee #1: 

The manuscript "Differential homeostatic regulation of glycinergic and GABAergic 

nanocolumns at mixed inhibitory synapses" by Yang et al., investigates the nanoscale 

organization of mixed Glycinergic and GABAAergic inhibitory synapses. By combining 

a single molecule localization microscopy approach (dSTORM) with conventional 

epifluorescence imaging, the Authors analyze the relative distribution of 4 different 

molecular complexes: i) RIM1/2 (at the presynaptic side), ii) Gephyrin, iii) Glycine 

receptors (GlyRs) and iv) GABAA receptors (GABAARs) (at the postsynaptic side). 

They found that these proteins are largely organized in sub-synaptic domains (SSDs) and 

that such SSDs at the postsynaptic side clusters are preferentially aligned with the 

presynaptic ones thus leading to a nano-columnar modular structure. In addition, in spite 

of this organization in which the presynaptic elements matches the postsynaptic ones, this 

study shows that GlyRs and GABAARs SSDs poorly overlap, thus revealing a further 

level of complexity of inhibitory synaptic organization. Finally, they studied the activity-

dependent changes of the aforementioned molecular complexes by manipulating voltage 

gated ion channels in vitro and found that GABAARs are more susceptible to 

rearrangements by increased network activity than GlyRs.  

This is a solid a well-conceived study that advances our understanding of the molecular 

arrangement at the nanoscale level in particular during activity-dependent modifications. 

The study of mixed GlyR/GABAAR synapses offers an excellent opportunity to 

understand the arrangement of different molecular players coexisting at individual 

inhibitory synapses. In addition, this study employs high methodological standards in the 

use of dSTORM technique.  

Major Points: 

1) I understand that normalization of the plasticity changes observed in 4-AP to that in

TTX is intended to maximize the differences observed. However I think that it would be

more formally correct to study the differences in both conditions (TTX and 4-AP) from

basal conditions. Is there any difference between basal conditions and TTX? For instance

in Bannai et al., (2009), the application of TTX and 4-AP significantly reduces and

increase the mobility of GABAA receptors, respectively, with respect to basal conditions.

I think that the Authors should show whether TTX and 4-AP induces opposite changes.

Related to this, what do the Authors expect when, instead of depression, a protocol

inducing potentiation would be applied?

We have in fact compared the TTX and 4-AP treatments to the basal condition 

(‘CTRL’) in naive cultures. The CTRL condition in the pooled experiments was 

typically close to the TTX condition, indicating that the basal network activity is 

generally low (revised Fig. EV3 E-J). However, when we compare the results of 

individual experiments, the control condition can be quite variable, meaning that it is 

less well defined than the pharmacologically controlled TTX and 4-AP treatments (new 

Fig. EV5 C-E). Since we had to restrict the number of variables due to the time-

10th Mar 20211st Authors' Response to Reviewers



consuming nature of dual colour dSTORM imaging, we did not include the CTRL as a 

third experimental condition. The new control data are described in the results section 

(page 7). Together, the available data show that mixed inhibitory synapses undergo 

dynamic re-modelling in response to bi-directional changes in network activity, 

represented in our experiments by the TTX and 4-AP activity states (see comment 5). 

 

2) The Authors propose a mechanism for the differential plasticity of both GABAARs 

and GlyRs which involves the phosphorylation of S270 in gephyrin. However this 

conclusion is totally based on the different properties of the rbGPHN and mAb7a 

antibodies. While I do not question the plausibility of this hypothesis I think that an effort 

should be done to better demonstrate it. Did the author independently verified that 

mAb7a antibodies preferentially recognize phospho S270? There are several independent 

studies from different labs that by analyzing, for instance, the potentiation of GABAergic 

synapses found similar increase of gephyrin effect by using the mAb7a antibodies and 

antibody-free experiments. While these don't necessarily argue against that still mAb7a 

may show preference for phospho gephyrin, they do not support the concept that during 

inhibitory plasticity scaffold gephyrin is rather fixed while only the level of gephyrin 

phosphorylation will vary. So, I think that in order to strengthen their conclusions about 

the mechanisms of differential plasticity at mixed inhibitory synapses the Authors should 

also show the results with an antibody-free experiment.  

 

The specificity of the mAb7a antibody for an epitope that includes the phosphorylated 

serine residue S270 has been demonstrated beyond doubt (Kuhse et al. 2012 JBC; 

Hans Maric, personal communication; Khayenko et al. in preparation). Despite this 

unusual property, it is correct that mAb7a immunoreactivity is a reliable marker that in 

many cases accurately reflects synaptic gephyrin levels, suggesting that a large 

proportion of gephyrin at synapses is in fact phosphorylated at this (and possibly other) 

sites. Only recently, a number of reports have directly compared pS270 and total 

gephyrin immunoreactivities (e.g. Niwa et al. 2019 iScience; Lorenz-Guertin et al. 2019 

Front Cell Neurosci; this study). In our previous work (Niwa et al. 2019) we used an 

mRFP-gephyrin knock-in mouse strain to visualise total synaptic gephyrin free from 

antibody labelling. The consensus that seems to emerge is that the two states of 

gephyrin can be independently regulated, and that pS270 phosphorylation correlates 

with GABAAR binding to the synaptic scaffold, in agreement with our observations. It 

should be kept in mind, however, that the effects (or their magnitude) may be different 

at mixed inhibitory synapses versus purely GABAergic synapses in the brain. We have 

discussed this issue more clearly in the revised version of the manuscript (page 12). 

 

3) In a related point, The Authors propose a very intriguing hypothesis that gephyrin in 

SSDs could be phosphorylated in S270 while outside it might be dephosphorylated. They 

also propose that the same mechanism should be implicated in the gephyrin interaction 

with GABAA receptors. However gephyrin molecule shows many other phosphorylation 

sites that modulate the stability of scaffold and receptors. Do the Authors think that the 

phosphorylation of S270 is selectively playing a pivotal role in the plasticity proposed 

here? Owing the fact that gephyrin undergoes heavy post-translational modifications I 

find difficult that phospho S270 would be the only determinant for such mechanism. 



Maybe the authors should better frame the role of phospho S270.  

 

We agree with the reviewer that gephyrin phosphorylation and in fact post-

translational modifications of gephyrin more generally provide multiple and complex 

mechanisms to regulate the organisation, dynamics, and plasticity of inhibitory 

synapses (e.g. Ghosh et al. 2019 Nat Commun). As mentioned above, these signalling 

pathways could also vary substantially at mixed versus GABAergic synapses (comment 

2). As such, the pS270 site is only one proxy that can inform us about changes in 

gephyrin phosphorylation and/or conformation (see also Niwa et al. 2019). We have 

clarified this issue in the discussion (page 12, see also new Fig. 8). 

 

4) The Authors through the manuscript mention "homeostatic regulation/plasticity". The 

term "homeostatic" can be used to describe slightly different processes. What do the 

Authors precisely mean here? Could the lowering of GABAergic inhibition in response to 

increased network activity be considered an anti-homeostatic process? Please clarify. 

 

The term homeostatic is indeed not clear in this context, because it suggests that the 

induced changes are partially compensated for by the observed downstream effects. 

For clarity, we have removed the term homeostatic throughout the manuscript. 

 

5) I think that a final graphical scheme summarizing the major findings of this study 

could help the reader to better visualize the spatial organization of mixed inhibitory 

synapses in basal conditions and after regulation by activity. In particularly I would be 

interested in visualizing gehyrin distributed inside and outside SSDs.  

 

We have now added a graphical scheme as a new Figure 8. According to our model, 

the modulation of network activity induces plastic changes at mixed inhibitory 

synapses, whereby higher levels of activity are associated with the loss of GABAARs 

from SSDs and the reduction of gephyrin phosphorylation. We believe that this 

simplified graphical model reflects the major findings of our work. 

 

Minor points: 

 

1) The sentence: "The identification of gephyrin SSDs and their alignment with pre-

synaptic release sites in vivo points to a possible role for synaptic function" maybe needs 

some rephrasing. It seems that in this study the authors mainly worked ex-vivo. In 

addition I think that in order to find "a possible role for synaptic function" one doesn't 

strictly need an approach ex vivo, since many studies (including this one) have inferred 

many possible role of nanoscale organization in synaptic function even neuronal cultures 

in vitro. I suggest to soften it. 

 

Done. 

 

2) The sentence: "The low level of overlap between GlyR....." reads SSDS instead of 

SSDs. 

 



Done. 

 

3) In the discussion the Authors state: "Modeling predicts that the positioning of 

receptors in front of vesicle release sites can increase the transmission efficacy at 

excitatory synapses (Haas et al., 2018, MacGillavry et a., 2013). Actually some modeling 

studies tackling the issue of the dependence of the synaptic current from the relative 

distance of releasing and postsynaptic sites (and receptors distribution) have also been 

performed at GABAergic synapses in, e.g. Pugh and Raman (2005), and Petrini et al., 

(2011) (although in these studies the releasing site-receptor distance analysis has not been 

related to SSDs). 

 

The two articles have been referenced accordingly. 

 

The same comment could be pertinent in the sentence: "The relative vesicle load and 

binding affinity of the neurotransmitters therefore add to the complexity related to the 

nanoscale organization that controls the distance of GlyRs and GABAARs to the release 

site". 

 

We have cited the two articles again in an earlier sentence in the same passage, where 

the impact of receptor localisation on signal transmission at inhibitory synapses is 

raised (page 11). 

 

 

Referee #2: 

 

Differential homeostatic regulation of glycinergic and GABAergic nanocolumns at mixed 

inhibitory synapses 

 

Yang et al. characterized the nanoscale co-organization of glycinergic and GABAergic 

post-synaptic clusters at the spinal cord synapses. The main conclusions are that (i) both 

GABAR and GlyR subdomains are trans-synaptically aligned with pre-synaptic release 

site identified through RIM1/2 labelling. (ii) GlyR and GABAR subdomains barely 

overlap inside the PSD. (iii) Increase of the neuronal activity regulates only GABAR 

subdomains and (iv) activity regulation affect the phosphorylation level of gephyrin.  

The overall paper is well done and based on solid and high level experiments and 

techniques. The scientific question is relevant for the community and the amount of 

experiments is well adapted to answer to the scientific questions. However, some 

conclusions would need some additional experiments to be validated. 

 

Comments 

 

1) The assessment that the 26 nm difference between the RIM to GlyR and the RIM to 

GABAR alignment comes from the labelling at the external part or at the internal part of 

the receptors need to be demonstrated or to be transferred to the discussion part. This 25 

% difference between the trans-synaptic alignment could have other artifactual or 

physiological explanations. 



 

This section has been moved to the discussion as suggested by the reviewer (page 10). 

However, similar distance measurements using STORM imaging have been performed 

at excitatory synapses, in which the authors were able to determine subtle differences 

between N-terminal and C-terminal epitopes of pre- and post-synaptic proteins, 

illustrating the strength of super-resolution imaging to resolve molecular distances in 

the range of tens of nanometres (Dani et al. 2010 Neuron). 

 

2) When authors compared the GlyR-GABAR SSD overlap and conclude that they 

almost do not co-localize, they should show what is the 100% co-localization they can 

reach with the technique, by realizing, for example, dual color super-resolution on the 

same clustered protein. This will provide both the percentage of co-localization and the 

centroid-centroid distance.  

 

This is an important comment that addresses a critical point in our argument. Clearly, 

the low apparent overlap between the SSDs of GlyRs and GABAARs (9%) is an 

underestimation, since it does not consider the synaptic receptors outside of the SSDs, 

nor the inherent stochasticity of antibody labelling and single fluorophore detection. 

We have therefore conducted a control experiment in which the same primary antibody 

(GlyR) was labelled with two secondary antibodies, one conjugated with Alexa 647, the 

other with Cy3B, as suggested by the reviewer (new Fig. 3E). Under these conditions, 

the SSD overlap area was 14%, which represents the maximal value for perfectly co-

localised epitopes. In other words, the real co-localisation between GlyRs and 

GABAARs is actually rather good at the synapse level, in line with image correlation 

analysis (ICA) that we have also performed on the rendered dual-colour dSTORM 

images (new Fig. 3C). 

 

At the same time, our data demonstrate that the overlap between GlyRs and GABAARs 

is not complete, meaning that the two receptors occupy partially overlapping but 

distinct domains (Fig. 3C,E). This is also confirmed by the fact that the centroid-

centroid distance between GlyR and GABAAR SSDs is larger than between dual-colour 

GlyR SSD (new Fig. 3F). The relevant section in the results has been thoroughly 

revised (page 5-6), as well Figure 3 and parts of the discussion (page 10-11). 

 

3) The explanation that GlyR and GABAR SSDs do not co-localize but are both aligned 

at 80% with pre-synaptic RIM1/2 is difficult to understand. This result is important in 

terms of synaptic physiology, either the two types of SSD are separated and the authors 

should observe almost 50% of RIM1/2 clusters aligned with GlyR SSDs and the 50% 

with GABAR SSDs or there is some issue in the quantification. The organization of this 

specific synapse is one of the main key points of the paper, the authors could not only 

explain with words these surprising results but should find a way to demonstrate it. 

 

New control experiments were performed and the data re-analysed in order to measure 

the true overlap between GlyRs and GABAARs more accurately (new Fig. 3C-F). See 

our response to comment 2 above. 

 



4) The second paragraph of the discussion corresponds to new and quite important results 

with numbers which are just noticed without corresponding figure. This has to be 

documented in the result part. 

 

The molecule counting data have been moved to the results section (page 8) and the 

paragraph in the discussion has been shortened and rewritten accordingly. 

 

5) The labelling with m7a antibody is quite strong and comparable to the total antibody, 

is it possible that this antibody recognized both phosphorylated and non-phosphorylated 

form of gephyrin? Is it possible to estimate the percentage of phosphorylated gephyrin at 

the PSD? 

 

This issue has also been raised by reviewer 1 (see our response to point 2 of reviewer 

1). Briefly, the antibody mAb7a is highly specific for phosphorylated gephyrin (Kuhse 

et al. 2012 JBC). However, it appears that a large proportion of gephyrin at synapses is 

phosphorylated, making the mAb7a antibody a reliable marker to probe synaptic 

gephyrin levels. As we and others have shown, relative changes of S270 

phosphorylation versus total gephyrin can thus be estimated (e.g. Niwa et al. 2019 

iScience; Lorenz-Guertin et al. 2019 Front Cell Neurosci; this study). An absolute 

quantification of the percentage of gephyrin phosphorylation at synapses, however, has 

not yet been achieved. 

 

 

Referee #3: 

 

In this work from Specht and colleagues the authors use dual color STORM based super 

resolution approaches to study the subsynaptic localisation of inhibitory receptors and 

their scaffold gephyrin. Importantly some of the work is done in native tissue. 

Interestingly and importantly (but perhaps not surprisingly given what is know for 

glutamate receptors), the authors show that receptors in subsynaptic domains (SSDs) 

form nanocolumns that align with Rim positive release sites. Of particular note in this 

study and which I think makes it particularly interesting, is that they use a spinal cord 

preparation where inhibitory synapses contain both GABAARs and glycine receptors. 

While both receptors use gephyrin as a scaffold, their affinity for gephyrin differs. This is 

therefore very nice preparation to look at nanoscopic distribution of two receptor types in 

the same synapses. Interestingly they find that GABAARs and glycineRs occupy 

different subsynaptic domains with only partial overlap. The authors also go on to show 

that (in agreement with previous work of receptor diffusion dynamics in the same 

preparation), GABAAR SSDs and glycineR SSDs behave differently upon neural activity 

changes, which may in part be depedent on gephyin phospho-regulation. 

 

Overall, it's a very nice paper with lots of important and interesting results. I have only 

relatively minor comments as the work is the done to a high standard throughout. 

 

Mostly my issues are around the activity dependence of SSDs and whether the study 

could have more dimensions added to it to add depth and impact. It would have been nice 



to know more about the underlying mechanisms. Given the robust read outs, could the 

authors not explore a bit more on the underlying signalling.  

 

If gephyrin dephosphorylation is important, then what is the underlying phosphatase 

driving this? And does blocking that phosphatase block the loss of GABAAR SSDs? 

 

We have recently characterised gephyrin S270 phosphorylation downstream of cAMP 

signalling (Niwa et al. 2019 iScience). Interestingly, this pathway was PKA-

independent and involved EPAC and the phosphatase PP1, which is in agreement with 

an earlier study (Kalbouneh et al. 2014 PLoS One). However, S270 phosphorylation 

may not necessarily be regulated in the same way in response to changes network 

activity (this study), since gephyrin can be the target of a wide variety of signalling 

processes that may involve other post-translational modifications (e.g. Ghosh et al. 

2019 Nat Commun), and that are beyond the scope of this study. We have therefore 

discussed the implications and complexity of gephyrin regulation in more detail (page 

12, see our response to reviewer 1, points 2 and 3). We have also supplied a graphical 

model to illustrate the way in which gephyrin phosphorylation could be regulated at 

SSDs (new Fig. 8).  

 

Neural activity increases appear important but what about receptor activity? What 

happens to SSDs in neurons treated with strychnine or GABA? Does agonist treatment 

selectively only impact on the target receptor or is there cross talk? 

 
This is an interesting question. It was indeed shown that receptor activity can 
directly affect the mobility of GABAARs in a subunit-dependent manner (e.g. 
Gouzer et al. 2014 Mol Cell Neurosci), and it would be exciting to know if at 
mixed inhibitory synapses different receptors can be selectively mobilised by 
neurotransmitter binding. However, the aim of the present study was to 
investigate the indirect effect of excitatory network activity on the nanoscale 
organisation at inhibitory synapses. In order to distinguish activity-dependent 
remodelling from receptor activation itself, we focussed on the application of 4-
aminopyridine to increase action potentials. We also carried out experiments in 
which we applied the receptor blockers strychnine and gabazine (page 7 of the 
revised manuscript). This treatment induces massive and synchronised synaptic 
activity in the culture, and leads to a loss of gephyrin S270 phosphorylation and 
a reduction of GABAAR levels (see revised Fig. EV3), similar to what was 
observed with 4-AP. However, since activity-dependent and receptor-
autonomous effects cannot be separated with strychnine/gabazine application, 
we did not use this paradigm subsequently in our dual-colour dSTORM 
experiments. 



22nd Apr 20211st Revision - Editorial Decision

Dear Christ ian, 

Thank you for the submission of your revised manuscript . We have now received the enclosed
reports from the referees that were asked to assess it . As you will see, referee 2 st ill has concerns
that need to be addressed and incorporated before we can proceed with the official acceptance of
your manuscript . 

Please incorporate your response to referee 2's comments as discussed into the manuscript  and
change all relevant text  passages accordingly. Here are referee 2's comments:
"The answer is fine to me. The authors probably have to add this new analysis into the paper and
to clearly explain the technical limitat ion which can affect
the conclusion inside the discussion."

A few other editorial changes will also be required:

- please reduce the number of keywords to 5

- please add all author contribut ions, this is mandatory

- the conflict  of interest  statement needs a heading "Conflict  of Interest"

- the reference format should be Harvard style and is current ly not correct , only up to 10 authors
should be listed and the journal names italicised 

- Fig EV1 panels are not called out. Fig EV4C+D panels are not called out.
Fig 5 C-E panels are not called out. Please correct . 

- please upload the source data as 1 file or folder per figure

- the methods sect ion is called "Materials and Methods" and should follow the Discussion

I at tach to this email a related ms file with comments by our data editors. Please address all
comments in the final manuscript . 

The synopsis image you sent is good, however, for our website we also need a short  (1-2 sentence)
summary of your findings and their significance and 2-3 bullet  points highlight ing key results. 

The abstract  needs to be writ ten in present tense. Please let  me know whether you agree with the
following:

Super-resolut ion imaging has revealed that key synapt ic proteins are dynamically organized within
sub-synapt ic domains (SSDs). To examine how different inhibitory receptors are regulated, we
carried out dual-color direct  stochast ic opt ical reconstruct ion microscopy (dSTORM) of GlyRs and
GABAARs at mixed inhibitory synapses in spinal cord neurons. We show that endogenous GlyRs
and GABAARs as well as their common scaffold protein gephyrin form SSDs that align with pre-
synapt ic RIM1/2, thus forming trans-synapt ic nanocolumns. Strikingly, GlyRs and GABAARs occupy
different sub-synapt ic spaces, exhibit ing only a part ial overlap at  mixed inhibitory synapses. When



network act ivity is increased by 4-aminopyridine treatment, the GABAAR copy numbers and the
number of GABAAR SSDs are reduced, while GlyRs remain largely unchanged. This different ial
regulat ion is likely the result  of changes in gephyrin phosphorylat ion that preferent ially occurrs
outside of SSDs. The act ivity-dependent regulat ion of GABAARs versus GlyRs suggests that
different signaling pathways control the receptors' sub-synapt ic clustering. Taken together, our
data reinforce the not ion that the precise sub-synapt ic organizat ion of GlyRs, GABAARs and
gephyrin has funct ional consequences for the plast icity of mixed inhibitory synapses.

I look forward to seeing a final version of your manuscript  as soon as possible. 
Please let  me know if you have any quest ions. 

Best regards,
Esther

Esther Schnapp, PhD
Senior Editor
EMBO reports

Referee #1:

The Authors, overall, answered my quest ions

Referee #2:

The authors answered to the vast majority of my requests, and realized supplemental experiments
leading to modificat ions of a part  of their conclusions on the GABAR/ GlyR co-localizat ion. The
impact of this paper could be quite high in the field of inhibitory synapses by revealing the pre-post
co-organizat ion and the non-overlap of GlyR/ GABAR SSD.
It  is difficult  with the level of co-localizat ion observed with the dual labelled GlyR (14%) to interpret
the GABAR/GlyR co-labeling and so the RIM/ post synapt ic SSD too.
With the presented data, we cannot conclude if GlyR SSD co-localizes part ially, not  at  all or almost
fully (9% is close to 14%) with GABAR SSD. 
Molecularly it  means that (i) either they exclude each other, (ii) if they overlap it  means that the
density inside the SSD is not so high, let t ing some space for both channel types, (iii) if they co-
localize almost ent irely, this means they should use the same trapping mechanisms.
With such possibilit ies, we have to add the effect  on pre-post localizat ion, with different adhesion
proteins in one case to co-organize RIM/GlyR and separately RIM/GABAR, or the same, both
connected to various calcium channel type to have a different ial release probability or not.
The general idea of such papers based on super-resolut ion is to make it  possible the visualizat ion
of co-organizat ion and to conclude on their act ivat ion or regulat ion as recent ly done for example by
the Choquet 's group (Goncalves et  al. 2020 PNAS).
Here the results does not allow such interpretat ion. More experiments, analysis, representat ions
and images has to be done to be able to conclude for one or the other type of co-organizat ion.



Response to reviews 

Please incorporate your response to referee 2's comments as discussed into the manuscript 

and change all relevant text passages accordingly. Here are referee 2's comments: 

"The answer is fine to me. The authors probably have to add this new analysis into the 

paper and to clearly explain the technical limitation which can affect the conclusion inside 

the discussion." 

The manuscript has been revised in line with the comments of reviewer 2. This 

includes the addition of pointillist images in Fig. 3A, the new analysis of the co-

localization data in Fig. 3E, as well as the revision of the corresponding sections of the 

results, discussion, methods, and figure legends (highlighted in the submitted 

manuscript). 

A few other editorial changes will also be required: 

- please reduce the number of keywords to 5

DONE 

- please add all author contributions, this is mandatory

DONE 

- the conflict of interest statement needs a heading "Conflict of Interest"

DONE 

- the reference format should be Harvard style and is currently not correct, only up to 10

authors should be listed and the journal names italicised

DONE

- Fig EV1 panels are not called out. Fig EV4C+D panels are not called out.

Fig 5 C-E panels are not called out. Please correct.

DONE

- please upload the source data as 1 file or folder per figure

Individual zip files for each figure (including EV figures) were uploaded. 

- the methods section is called "Materials and Methods" and should follow the Discussion

DONE 

I attach to this email a related ms file with comments by our data editors. Please address all 

comments in the final manuscript.  

All comments have been addressed in an earlier response to the data editors. 

The synopsis image you sent is good, however, for our website we also need a short (1-2 

26th Apr 20212nd Authors' Response to Reviewers



sentence) summary of your findings and their significance and 2-3 bullet points 

highlighting key results.  

A summary statement (blurb) and bullet points are given on page 1 of the 

manuscript. 

 

The abstract needs to be written in present tense. Please let me know whether you agree 

with the following: 

Super-resolution imaging has revealed that key synaptic proteins are dynamically 

organized within sub-synaptic domains (SSDs). To examine how different inhibitory 

receptors are regulated, we carried out dual-color direct stochastic optical reconstruction 

microscopy (dSTORM) of GlyRs and GABAARs at mixed inhibitory synapses in spinal 

cord neurons. We show that endogenous GlyRs and GABAARs as well as their common 

scaffold protein gephyrin form SSDs that align with pre-synaptic RIM1/2, thus forming 

trans-synaptic nanocolumns. Strikingly, GlyRs and GABAARs occupy different sub-

synaptic spaces, exhibiting only a partial overlap at mixed inhibitory synapses. When 

network activity is increased by 4-aminopyridine treatment, the GABAAR copy numbers 

and the number of GABAAR SSDs are reduced, while GlyRs remain largely unchanged. 

This differential regulation is likely the result of changes in gephyrin phosphorylation that 

preferentially occurs outside of SSDs. The activity-dependent regulation of GABAARs 

versus GlyRs suggests that different signaling pathways control the receptors' sub-synaptic 

clustering. Taken together, our data reinforce the notion that the precise sub-synaptic 

organization of GlyRs, GABAARs and gephyrin has functional consequences for the 

plasticity of mixed inhibitory synapses. 

The abstract has been updated accordingly. 

 



30th Apr 20212nd Revision - Editorial Decision

Dr. Christ ian Specht
Diseases and Hormones of the Nervous System (DHNS)
Inserm U1195, Université Paris-Saclay
80, rue du Général Leclerc
Bât iment Gregory Pincus
Le Kremlin-Bicêtre 94276
France

Dear Dr. Specht,

I am very pleased to accept your manuscript  for publicat ion in the next available issue of EMBO
reports. Thank you for your contribut ion to our journal.

At  the end of this email I include important informat ion about how to proceed. Please ensure that
you take the t ime to read the informat ion and complete and return the necessary forms to allow us
to publish your manuscript  as quickly as possible.

As part  of the EMBO publicat ion's Transparent Editorial Process, EMBO reports publishes online a
Review Process File to accompany accepted manuscripts. As you are aware, this File will be
published in conjunct ion with your paper and will include the referee reports, your point-by-point
response and all pert inent correspondence relat ing to the manuscript .

If you do NOT want this File to be published, please inform the editorial office within 2 days, if you
have not done so already, otherwise the File will be published by default  [contact :
emboreports@embo.org]. If you do opt out, the Review Process File link will point  to the following
statement: "No Review Process File is available with this art icle, as the authors have chosen not to
make the review process public in this case."

Should you be planning a Press Release on your art icle, please get in contact  with
emboreports@wiley.com as early as possible, in order to coordinate publicat ion and release dates.

Thank you again for your contribut ion to EMBO reports and congratulat ions on a successful
publicat ion. Please consider us again in the future for your most excit ing work.

Best wishes,
Esther

Esther Schnapp, PhD
Senior Editor
EMBO reports 

********************************************************************************

THINGS TO DO NOW: 



You will receive proofs by e-mail approximately 2-3 weeks after all relevant files have been sent to
our Product ion Office; you should return your correct ions within 2 days of receiving the proofs. 

Please inform us if there is likely to be any difficulty in reaching you at  the above address at  that
t ime. Failure to meet our deadlines may result  in a delay of publicat ion, or publicat ion without your
correct ions. 

All further communicat ions concerning your paper should quote reference number EMBOR-2020-
52154V3 and be addressed to emboreports@wiley.com. 

Should you be planning a Press Release on your art icle, please get in contact  with
emboreports@wiley.com as early as possible, in order to coordinate publicat ion and release dates. 
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Figures are submitted to EMBO Reports.

Not applicable

Not applicable

All procedures using animals follow the regulations of the French Ministry of Agriculture and the 
Direction départementale des services vétérinaires de Paris (Ecole Normale Supérieure, 
animalerie des rongeurs, license B 75-05-20). Primary spinal cord neurons were prepared from 
embryonic Sprague Dawley rats on embryonic day E14. For the data shown in Figure 1, adult male 
mice (C57BL/6J, 10 weeks old) were deeply anesthetized with pentobarbital, and intracardially 
perfused with 4% PFA and 0.1% glutaraldehyde in PBS. Animals were purchased from Janvier 
(France) and housed at the animal facility of  the Institut de Biologie de l'Ecole Normale Supérieure 
(IBENS).
Not applicable

The guidelines were consulted and followed where applicable.

G- Dual use research of concern

F- Data Accessibility

Not applicable
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No cell lines were used in this study other than dissociated primary rat spinal cord neuron cultures.

Variation was not formally compared, however, the majority of data are shown as cumulative 
distributions that reflect the range and variability of the dataset.
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All antibodies used in this study are listed in the methods section, including their supplier and 
catalogue number.
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