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1st Editorial Decision 16th Jul 2024

Dear Sergio,

Thank you again for submitting your manuscript EMBOJ-2024-118005 for consideration by The EMBO Journal and for your
patience during peer review. Your manuscript has now been seen by three experts in the field, and we have received the full set
of their comments, which you can find below.

As you will see, all referees recognize the novelty of the biosensor, as well as its potential usefulness and applicability in various
cellular settings to monitor the dynamics of the cGAS-STING pathway activation. They also appreciate the overall quality of the
work, and they are supportive of publication of this work in The EMBO Journal, provided that a number of concerns they raise
will be adequately addressed in a revised version of the manuscript. In particular, they point out that the biosensor responds to
STING activation regardless of the nature of the upstream signals (instead of being sensu stricto a cGAMP-specific sensor), and
we think that this should be fully clarified in the revised manuscript. They also list a number of suggestions that together call for
the need for more clarity on the mechanisms underlying micronuclei interaction with the innate immune response. They also
provide other useful suggestions for the improvement of the presentation of the Results and the Figures, which should be taken
on board. Finally, we think that any additional data on a proof-of-principle screen using this biosensor and/or additional cell
models/organoids -which you have mentioned before that you have been working on- would significantly benefit the maunscript
and increase its impact on the field.

Given the referees' comments and recommendations, as well as your expressed willingness to expand the study further with
additional data, | would like to invite you to submit a revised version of the manuscript along with a detailed point-by-point
response addressing all referees' comments. | should add that it is The EMBO Journal policy to allow only a single round of
major revision, and acceptance of your manuscript will therefore depend on the completeness of your responses in this revised
version. Please let me know if you have any questions or comments that you would like to discuss with me.

We generally allow three months as standard revision time (October 15, 2024). As a matter of policy, competing manuscripts
published during this period will not negatively impact our assessment of the conceptual advance presented by your study.
However, we request that you contact us as soon as possible upon publication of any related work, to discuss how to proceed.
Should you foresee a problem in meeting this three-month deadline, please let us know in advance and we may be able to grant
an extension.

Thank you again for the opportunity to consider your work for publication in The EMBO Journal. | am looking forward to your
revision.

Best regards,

loannis

loannis Papaioannou, PhD
Editor, The EMBO Journal
i.papaioannou@embojournal.org

Kkkkk

Instructions for preparing your revised manuscript

Kkkkk

1. When you are ready to submit the revision, please upload:

- A Word file of the manuscript text (including legends of main Figures, EV Figures and Tables). Please make sure that changes
are highlighted (or "tracked") to be clearly visible.

- Individual production-quality figure files (one file per figure). When assembling your figures, please refer to our figure
preparation guidelines in order to ensure proper formatting and readability in print as well as on screen:
https://bit.ly/EMBOPressFigurePreparationGuideline

If the data shown in a figure are obtained from n {less than or equal to} 2, please use scatter plots showing the individual data
points.

Please also include scale bars in all microscopy images.

The following points must be specified in each figure legend:

i. the name of the statistical test used to generate error bars and P values

ii. the number (n) of independent experiments (please specify technical or biological replicates) underlying each data point



(discussion of statistical methodology can be reported in the Materials and Methods section, but figure legends should contain a
basic description of n, P, and the test applied)

iii. the nature of the bars and error bars (s.d., s.e.m.).

See also guidelines for figure legends: https://www.embopress.org/page/journal/14602075/authorguide#figureformat

- A point-by-point response to the referees' comments, with a detailed description of the changes made (as a word file). All
referees' concerns must be fully addressed and their suggestions taken on board. When preparing your letter of response to the
referees' comments, please bear in mind that this will form part of the Review Process File and will therefore be available online
to the community. Please note that you have the possibility to opt out of the transparent process at any stage prior to publication
by letting the editorial office know (contact@embojournal.org); if you do opt out, the Review Process File link will point to the
following statement: "No Peer Review File is available with this article, as the authors have chosen not to make the review
process public in this case.". For more details on our Transparent Editorial Process, please visit our website:
https://www.embopress.org/page/journal/14602075/authorguide#transparentprocess

- Expanded View (EV) files (replacing Supplementary Information) 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 respective legends
should be included in the manuscript file after the legends of regular figures. See detailed instructions regarding Expanded View
files here:

https://www.embopress.org/page/journal/14602075/authorguide#expandedview

- 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 Contents (including page numbers). Appendix
figures should be referred to in the main text as: "Appendix Figure S1, Appendix Figure S2" etc. Please see detailed instructions
here: https://www.embopress.org/page/journal/14602075/authorguide#expandedview

- A complete author checklist, which you can download from our author guidelines
(https://'www.embopress.org/page/journal/14602075/authorguide). Please note that the checklist will also be part of the Review
Process File.

2. Please note that no statistics should be calculated and shown in Figures if n=2. Please also note that each p value should be
reported as an exact value.

3. Before submitting your revision, primary datasets (and computer code, where appropriate) produced in this study need to be
deposited in appropriate public databases (see https://www.embopress.org/page/journal/14602075/authorguide#dataavailability).
The accession numbers, databases, and the specific URLs (links) should be listed in a formal "Data availability" section (placed
after Materials and Methods) that follows the model below (see also
https://www.embopress.org/page/journal/14602075/authorguide#dataavailability):

# Data availability
The datasets (and computer code) produced in this study are available in the following databases:

- RNA-seq data: Gene Expression Omnibus GSE46843 (https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE46843)
- [data type]: [name of the resource] [accession number/identifier/doi] ((URL or identifiers.org/DATABASE:ACCESSION])

*** All links should resolve to a page where the data can be accessed. ***

*** Please remember to provide in the Data availability section of your revised manuscript reviewer passwords if the datasets
are not yet public. ***

*** The Data Availability Section is restricted to new primary data that are part of this study. In case you have no data that
require deposition in a public database, please state so instead of referring to the database: "Our study includes no data
deposited in public repositories." under the heading "Data availability”. ***

4. Please check that the title and the abstract of the manuscript are brief, yet explicit, even to non-specialists. The length of the
title should not exceed 100 characters, and the abstract should be a single paragraph not exceeding 175 words.

5. The Materials and Methods need to be described in the manuscript using our "Structured Methods" format, which is now
required for all research articles. According to this format, the Materials and Methods section includes a single "Reagents and
Tools Table" -listing key reagents, experimental models, software and relevant equipment and including their sources and
relevant identifiers- followed by a "Methods and Protocols" section describing the methods. More information on this format as
well as detailed instructions, examples, and a template (.docx) for the "Reagents and Tools Table" can be found in our author
guide: https://www.embopress.org/page/journal/14602075/authorguide#structuredmethods.



6. Please also note our reference format: https://www.embopress.org/page/journal/14602075/authorguide#referencesformat.

7. At EMBO Press we ask authors to provide source data for the main manuscript figures. Our source data coordinator will
contact you to discuss which figure panels we would need source data for and will also provide you with helpful tips on how to
upload and organize the files.

8. Please remember: digital image enhancement is acceptable practice, as long as it accurately represents the original data and
conforms to community standards. If a figure has been subjected to significant electronic manipulation, this must be noted in the
figure legend or in the "Materials and Methods" section. The editors reserve the right to request original versions of figures and
the original images that were used to assemble the figure.

9. Our journal encourages inclusion of data citations in the reference list to directly cite datasets that were obtained from public
databases. Data citations in the article text are distinct from normal bibliographical citations and should directly link to the
database records from which the data can be accessed. In the main text, data citations are formatted as follows: "Data ref:
Smith et al, 2001" or "Data ref: NCBI Sequence Read Archive PRINA342805, 2017". In the Reference list, data citations must
be labeled with "[DATASET]". A data reference must provide the database name, accession number/identifiers, and a resolvable
link to the landing page from which the data can be accessed at the end of the reference. Further instructions are available at:
https://www.embopress.org/page/journal/14602075/authorguide#referencesformat.

10. We request authors to consider both actual and perceived competing interests. Please review our policy
(https://'www.embopress.org/page/journal/14602075/authorguide#conflictsofinterest) and update your competing interests
statement if necessary. Please name this section 'Disclosure and competing interests statement' and place it after the
Acknowledgements section.

11. Please note that all corresponding authors are required to provide an ORCID ID upon submission of a revised manuscript
(https://orcid.org/). Please find instructions on how to link your ORCID ID to your account in our manuscript tracking system in
our Author guidelines

(https://www.embopress.org/page/journal/14602075/authorguide#authorshipguidelines).

12. We use CRediT to specify the contributions of each author in the journal submission system. CRediT replaces the author
contribution section, which should be removed from the manuscript. Please use the free text box to provide more detailed
descriptions. See also guide to authors:
https://www.embopress.org/page/journal/14602075/authorguide#authorshipguidelines.

13. Further information is available in our Guide For Authors: https://www.embopress.org/page/journal/14602075/authorguide

14. We would also welcome the submission of cover suggestions or motifs to be used by our Graphics lllustrator in designing a
cover.

15. Please use the link below to submit your revision:
https://emboj.msubmit.net/cgi-bin/main.plex

Referee #1:

In the manuscript, the authors reported a novel probe to monitor the activation of cGAS-STING pathway, which they call a
cGAMP sensor. They examined this novel probe in several different cellular settings, such as dsDNA-virus infection,
mitochondria-mediated apoptosis, and chromosomal missegregation/micronuclei formation. The experiments are well designed,
and the data are generally convincing.

The authors might find the following specific comments useful to improve the study.

Specific comments:

(1)
Figure 1D/1H: The images are blurry, compared to others such as Figure 2D. It should be corrected.
Figure 1G: The markers for trans-Golgi and ER should be described.

()

The authors should examine extensively the cGAS-STING activation with genome DNA leakage. A number of previous papers



showed the activation of cGAS-STING pathway in various types of cells under DNA replication stress, nuclear membrane
rupture, or dysfunction of cytoplasmic DNAse (Trex): these stresses may not be necessarily linked to micronuclei formation.
Activation of the probe in one of these settings should greatly enhance the interest of the probe in the research of pathogenesis
of various autoinflammatory diseases, thus this issue is critical.

This reviewer appreciates the results in Figure 5 demonstrating no STING activation upon micronuclei formation, which supports
the recent papers (Takaki et al., 2024 Mol Cell: Sato et al., Life Cell Alliance 2024). Figure 5 can remain as it is.

Minor comments:
(3) Two papers (Kuchitsu et al., Nat Cell Biol 25, 453-466 (2023): Xun et al., EMBO Rep 25, 544-569 (2024)) should be cited in
the context of the role of endolysosomal trafficking of STING in its signalling termination.

(4) As described above, the paper by Sato should be cited, along with Takaki et al.

(5) This reviewer is wondering if the term "cGAMP sensor" is adequate, because the probe does not quantitate the amount of
cGAMP.

Referee #2:

The authors report to develop a sensor for cGAMP levels, to be used as a readout for the activity of the innate inflammatory
pathway signaling through TBK1 and IRF3. We find that this work represents and interesting and noteworthy attempt to develop
the necessary single cell approaches aimed at monitoring the heterogeneity of cellular responses. The authors show that the
biosensor is responsive to multiple sources of stimulation. We would support the publication of this manuscript in case the
following comments are addressed.

Major comments

1. The authors state that the tool is a sensor for cGAMP levels, however it is a monitor for STING activation. It is well established
that there are alternative ways of STING activation, independent of cGAMP, and there is no reason to suspect that the sensor
would not respond to such stimuli. To confirm the contribution of cGAMP to STING activation, the authors would have to mutate
the cGAMP-ligand binding domain of the sensor. We suggest that the manuscript's title and content is adjusted to clarify that this
tool measures activation of STING, irrespective of the upstream inputs. The manuscript even shows that upon prolonged CPT
treatment which leads to autophagy, the biosensor gets activated (Fig. S3F), which is in line with all the literature on the role of
STING activation in autophagy.

2. Throughout the manuscript, it is unclear how many independent experiments are performed in each dataset/figure. Please
specify and repeat where necessary.

3. The authors write about the ability of the sensor to report on the dynamics of the activation of the pathway. However this claim
is not well substantiated, since they do not characterize the reversibility of the activation. They report that the washout of the
STING agonist leads to loss of fluorescence, but this seems to be a slow response and a suboptimal setting. We suggest that
this may be better addressed in response to cGAMP treatment. In fact, it is rather concerning/surprising the GFP levels continue
to rise for hours on end (up to 10h of STING agonist treatment), while prior literature has demonstrated that once stimulated, the
pathway also needs to be switched off, which is driven at least in part by STING degradation. Does the sensor follow this same
trend? Are the kinetics of activation/inactivation coinciding with the kinetics of activation/inactivation of endogenous STING? We
find that it is important to better characterize the (ir)reversibility of the sensor's activation.

4. When characterizing a new system, it is best to have a good reference point. Takaki et al. recently nicely showed IRF3
translocation to be a very sensitive readout for the activity of the pathway. Therefore, we suggest that the figures 1D-E show not
only the imaging of the newly developed reporter system but to also show how this compares to IRF3 translocation. We find that
further characterization here is also necessary through additional approaches. It would be nice if authors could show that
interaction of the tagged STING and IRF3 occurs through a method other than measuring GFP fluorescence. This could be
done by PLA or IP but also prevented by brefeldin A. Of course, to assess the contribution of the sensor to the activation, these
experiments would be most easily interpretable and designed in the cellular background where no STING or IRF3 is expressed
(unlike the HelLa cells the authors establish the sensor in).

5. To explain the findings in Fig.3 (namely, that many mCherry- cells show activation of the reporter), the authors propose a
model of paracrine spreading of signal. What caught our eye is that the highlighted cell in panel A of Fig. 3 which is mCherry-
and shows activation of the pathway even before the first transfected responder cells, is found far away from any responding



cells. The authors mention that they find no distance-dependency when it comes to this 'bystander’ activation while one would
expect paracrine signals to act in a distance-dependent manner. We think this model and data needs further investigation,
before strong conclusions on paracrine signalling can be drawn.

6. Further, we find the result in Fig. 5J to be very surprising, as it shows that the response is much higher in the cells where the
direct stimulus is not present (paracrine stimulation is higher than the direct transfection effects). The authors try to show that
the biosensor is responsive to multiple sources of stimulation. However, with such unexpected results in this experiment, we
think it would be important to do a more careful characterization of the system's responsiveness to exogenous cGAMP (limited
data shown in Fig.1l), similar to the characterizations in Fig.5.

7. The data on the activation of the sensor gained in response to more physiological stimulation would be beneficial. Most of the
experiments show that the system responds well to a very strong STING agonist (again, with limited data following stimulation
with cGAMP shown in Fig.1l).

Minor comments

1. As previously mentioned in one of our major comments, it is unclear which part of the activation of the pathway can be
attributed to the biosensor and which is based on the endogenously-expressed STING and IRF3. We find that the WB in Fig.1C
is mislabeled, as the authors indicate that they detect GFP-tagged portions of STING when both endogenous and 'biosensor’
pools of STING would be detected by a p-STING antibody. It is unclear what the 2 bands of the pSTING part of the blot
represent. The authors need to clarify which band is which. Also, we suggest blotting for IRF3 levels in Fig. 1C. This would give
a better description of the reporter system.

2. Figure 3H, please show that Influenza A sequence is present in cells.
3. Figure S3G, please show TREX1 levels on western blot upon siTREX1.
4. Please describe in materials and methods how the treatments with cGAMP are performed. How is the mock sample treated?

5. On page 7 of the manuscript the authors write that micronuclei not activating the pathway is unexpected.Please refer to Flynn
et al, 2021 here. This is the first paper (to our knowledge) to report that micronuclei are not (strong) activators of STING.

6. Please show that HEK293T cells do not express cGASand STING. (fig. S2C)

7. In Fig. 3A at timepoint 20h, the cells appear to be very unhappy. It is difficult to see since the only channel shown is GFP. In
any case, we think it is important to show that the stimulation of the biosensor is not toxic.

8. Fig. 4C does not have a QvD only condition.

Referee #3:

In this work, Smarduch et al. generate a novel biosensor for cGAMP detection in cells using a split GFP system tagged to STING
and IRF3. The authors show that this system, when stably expressed in cells, can be activated by STING agonists (synthetic
and cGAMP), viruses, DNA (with cGAS activation), mitochondrial DNA upon apoptosis, but not in the context of micronuclei.
Overall the authors provide convincing evidence that this system would be extremely useful to easily monitor the live
propagation of cGAMP between cells in tissues. This tool should represent a very useful solution to the monitoring of cGAMP
dynamics, however a few points need to be addressed to broaden its utility.

Major points:

1- The authors rely heavily on two aspects of their biosensors; on one hand, the biosensor forms intracellular
aggregates/punctuates, as previously reported; On another these have increased fluorescence compared to background
fluorescence. What is not very clear is what is used in which figures and how easily this is assessed. There is little information
about how many cells were counted for the MFI (200 seems to be the cut of for punctate positive cells) - but the methods
suggest a lot of this was done manually.

The authors seem to switch between one and the other in their figures - which is a bit confusing (although this reviewer
understands that the authors are trying to show different aspects of the system). If the cGAMP GFP intensity can indeed be
accurately measured and is increased upon stimulation, then the assay should also be validated on flow cytometry for a true
quantification of fluorescence at the single cell level (which would be unbiased and more accurate than the user selected cells
measured by microscopy). The abstract suggests that the biosensor can be used for plate reader (presumably whole well assay
in fluorescent plate reader) - this should also be demonstrated somewhere. Ultimately, the authors need to better support the



single cell level approach using unbiased analyses.

2- One of the key aspects of this research is the capacity afforded by this technology to assess the propagation of cGAMP within
tissue. The authors touched on this but do not address the capacity of cGAMP to propagate through gap junctions. Since HEK
293T cells form CX43 dependent gap-junctions, it would be easy to confirm this with minimal experiments. For example, co-
culture of a few HEK 293T cells overexpressing cGAS-GFP (which make cGAMP) added on top of a confluent layer of HEK293T
cells with the STING-IRF3 biosensor would allow to measure activation of the signal as it progresses through the cell

monolayer.

3- The authors propose that micronuclei do not activate their biosensor. Because the micronuclei function/sensing would be
expected to be very different between cell types it is important to tone-down the fact that this may be the case in their model -
i.e. Hela cells - but maybe not in other models. One point which should be definitely be mentioned is the case of non-canonical
STING signaling, which does not depend on cGAS and thus would not be able to recruit the biosensor. In this regard, it would be
very useful to create stable HaCaT cells expressing this biosensor and show that while diABZI activate the biosensor, DNA
damage with CPT/ does not (see Dunphy et al., Al-Asmari et al.), although it activates production of IL-6. This would complete
the characterisation of this reporter and nuance the findings on sensing of DNA damage products presented here.

4- The sensitivity of the assay should be determined using fluorescent labelled dsDNA (e.g. ISD70), transfected in cells and
biosensor activity in transfected cells measured with time. Unlike the DNA transfection used here (noting that the authors used
SV40-mcherry which may increase the amount of cytosolic vector if the vector has an SV40 ori), transfection of defined amount
of labelled synthetic DNA will allow to define a molecular concentration of cytosolic DNA sensed. This should be compared to
the induction of IRF3 targets by RTgPCR to similar amount of transfected DNA in Hela cells.

Minor points:

- the text refers to Figure S1C but this should be S2 (in results section).

-the abbreviation for interferon is IFN not INF (which is used throughout the paper)

- Why do they use SV40-mcherry? - noting that SV40 has an impact on sensitization of cells to cGAS sensing by DNA damage
(Pepin et al, mBio 2018).



1st Authors' Response to Reviewers 16th Nov 2024

Dear Referees,

Since the initial review of the manuscript, we have comprehensively addressed the issues
raised by you. A detailed point-by-point response to all comments follows below. We now
provide additional experimental evidence (New Figures 1C, 2D-H, 3A-G, 4A-D, new
expanded view (EV) Figures EV1B-E,H, EV2E,G-K, EV3, EV4G-L, EV5, Movies S5, S6,
S10, and referee figures 1-4), which further expands on the relevance of our biosensor to
monitor the cGAS-STING response, and addresses standing question regarding the innate
immune response to DNA damage and micronuclei. Furthermore, we now include additional
scripts/approaches to utilise the biosensor for high-throughput imaging.

Thank you for your critical input, which we believe has substantially improved our
manuscript.

(Please note that Supplementary [expanded view] figures are not merged with the main text
and figures, and instead presented as single files, as per journal’s guidelines for the revision)

Referee #1:

In the manuscript, the authors reported a novel probe to monitor the activation of cGAS-
STING pathway, which they call a cGAMP sensor. They examined this novel probe in
several different cellular settings, such as dsDNA-virus infection, mitochondria-mediated
apoptosis, and chromosomal missegregation/micronuclei formation. The experiments are
well designed, and the data are generally convincing.

Thank you

The authors might find the following specific comments useful to improve the study.

Specific comments:

(1)
Figure 1D/1H: The images are blurry, compared to others such as Figure 2D. It should be
corrected.

We have edited Figure 1D and substituted Figure 1H with new cGAMP titrations and
analyses shown in Figure 2G.

Figure 1G: The markers for trans-Golgi and ER should be described.

We now indicate the markers (TGOLN2 for Trans-Golgi and calnexin for ER) in the figure.

(2)

The authors should examine extensively the cGAS-STING activation with genome DNA
leakage. A number of previous papers showed the activation of cGAS-STING pathway in
various types of cells under DNA replication stress, nuclear membrane rupture, or
dysfunction of cytoplasmic DNAse (Trex): these stresses may not be necessarily linked to
micronuclei formation. Activation of the probe in one of these settings should greatly
enhance the interest of the probe in the research of pathogenesis of various
autoinflammatory diseases, thus this issue is critical.



We addressed this point through several experiments and by revisiting the existing literature:

Previous literature: We have revisited previous studies linking gDNA to STING activation,
and noticed that in most cases the readout for cGAS-STING were i) cGAS recruitment to
gDNA (Flynn et al, 2021; Marinello et al, 2022; Martin et al, 2024; Mohr et al, 2021), which
as shown by us (Figure 6 and EV5) and contemporaneous studies (Sato & Hayashi, 2024;
Takaki et al, 2024) is not sufficient to activate STING, or ii) expression analyses of interferon
and other cytokines which can be regulated by various innate immune response pathways
(Deng et al, 2014; Harding et al, 2017; Hong et al, 2022; Marinello et al., 2022; Mohr et al.,
2021), but iii) not STING activation (e.g., phospho-STING).

1) Replication stress: Our previous analyses of mild replication stress using 50 nM
aphidicolin did not revealed activation of the biosensor or p-STING (Fig 6G-1). We induced
severe replication stress using 500 nM aphidicolin, which resulted in increased fluorescence
(albeit without the characteristic biosensor clustering) in dying HeLa cells within 5-20 hours
(Figure EV5G), possibly due to STING involvement in autophagy (Gui et al, 2019) (See also
referee #2, question #1). Parallel WB, IF, and qPCR analyses did not reveal phospho-STING
or nuclear IRF3 upon 500 nM aphidicolin (Fig. EV5H,I). However, we detected increased
expression of IFNB and CXCL10 (Fig. EVSJ, further explained below). These results,
together with our previous data on CPT (Figure EV5F and 6G-I), suggest that replication
stress does not directly trigger STING activation in HelLa cells. Intriguingly, continuous
treatment with 500 nM aphidicolin slightly increased phospho-TBK1, which could account for
the activation of other TBK1-related pattern recognition pathway (Li & Wu, 2021), and
explain the increased IFNB and CXCL10 expression. Indeed, we now show that reversine
induces CXCL10 expression even in HEK293T cells (Fig. EV5K,L), which lack cGAS (Fig.
EV1G,H). Given that both aphidicolin and CPT treatments trigger cell death / autophagy,
further mechanistic studies would be required to untangle the contribution of gDNA, mtDNA
(through apoptosis), and other cascades (e.g., dsRNA) to the innate immune response
under replicative stress.

2) Nuclear envelope integrity: We knocked down LaminA/C in HelLa cells, which did not
activate the biosensor within 48 hours, but led to both cell death and biosensor activation
after 72 hours. It is unclear to us whether these results are HelLa cell specific, but we have
included this data for your perusal as Referee Figure 1. Of note recent evidence indicate that
loss of nuclear envelope integrity does not necessarily activate STING (En et al, 2024).

siControl (72h) siLaminA/C (48h)  siLaminA/C (72h)

Lamin DNA

Referee Figure 1: Knock-down of LaminA/C leads to cell death in HelLa after 72h

3) TREX1: We noticed that know down of TREX1 resulted in i) severe nuclear shape
abnormalities in 43% of HelLa cells, possibly due to its roles in protecting the nuclear
envelope (Nader et al, 2021) and ii) activation of the biosensor in 16% of HelLa cells (Figure
EV5A-D). These results suggest that the biosensor can be used to monitor TREX1-



associated auto-inflammatory pathologies, in addition to those associated with mtDNA
(Figure 5). Of note, reversine treated siTREX1 HelLa cells harbouring cGAS+ micronuclei
displayed lower percentage of activation compared to cells only transfected with siTREX1
(Fig. EV5B vs EV5F, which are obtained from the same set of experiments). This could be
caused by a failure to divide of siTREX1 cells with abnormal nuclei and active STING (Fig.
EV5A-C). Indeed, we detected a 2-fold reduction of micronuclei positive cells in siTREX1 vs
siControl HelLa cells treated with reversine across our 3 independent experiments. As such,
we believe that the functional interaction between STING-TREX1 with gDNA requires further
investigation, and it is outside of the scope of this manuscript.

We now further discuss in the manuscript the relevance of STING to study TREX1
deficiency. We thank the referee for the suggestion.

This reviewer appreciates the results in Figure 5 demonstrating no STING activation upon
micronuclei formation, which supports the recent papers (Takaki et al., 2024 Mol Cell: Sato
et al., Life Cell Alliance 2024). Figure 5 can remain as it is.

Thank you

Minor comments:

(3) Two papers (Kuchitsu et al., Nat Cell Biol 25, 453-466 (2023): Xun et al., EMBO Rep 25,
544-569 (2024)) should be cited in the context of the role of endolysosomal trafficking of
STING in its signalling termination.

We include them now in the introduction, as well as in the results section related to cGAMP
withdrawal and autophagy (Page 4,9)

(4) As described above, the paper by Sato should be cited, along with Takaki et al.

Done

(5) This reviewer is wondering if the term "cGAMP sensor" is adequate, because the probe
does not quantitate the amount of cGAMP.

After taking in consideration the feedback of the 3 reviewers, we decided to name it “SIRF
(STING-IRF3) biosensor” along the text. We also include titrations of diABZl and cGAMP,
and a pipeline for automatic analysis of the biosensor, which showcase the versatility of this
tool to monitor STING agonists at different concentrations (Figure 2).

Referee #2:

The authors report to develop a sensor for cGAMP levels, to be used as a readout for the
activity of the innate inflammatory pathway signaling through TBK1 and IRF3. We find that
this work represents and interesting and noteworthy attempt to develop the necessary single
cell approaches aimed at monitoring the heterogeneity of cellular responses. The authors
show that the biosensor is responsive to multiple sources of stimulation. We would support
the publication of this manuscript in case the following comments are addressed.

Thank you



Major comments

1. The authors state that the tool is a sensor for cGAMP levels, however it is a monitor for
STING activation. It is well established that there are alternative ways of STING activation,
independent of cGAMP, and there is no reason to suspect that the sensor would not respond
to such stimuli. To confirm the contribution of cGAMP to STING activation, the authors would
have to mutate the cGAMP-ligand binding domain of the sensor. We suggest that the
manuscript's title and content is adjusted to clarify that this tool measures activation of
STING, irrespective of the upstream inputs. The manuscript even shows that upon
prolonged CPT treatment which leads to autophagy, the biosensor gets activated (Fig. S3F),
which is in line with all the literature on the role of STING activation in autophagy.

1) As discussed above, we now referred to the tool as SIRF (STING-IRF3) biosensor and
clarify that it functions for STING agonists, including cGAMP.

2) We generated a SIRF biosensor carrying STINGR?®AY240A (Deficient in 2'3-cGAMP
binding, (Gui et al., 2019) and IRF3%*®" (Deficient in dimerization, (Jing et al, 2020). We
show that this mutant biosensor failed to activate upon cGAMP treatment (Fig. EV2D,E)

2. Throughout the manuscript, it is unclear how many independent experiments are
performed in each dataset/figure. Please specify and repeat where necessary.

We now include detailed information on reproducibility in each figure legend.

3. The authors write about the ability of the sensor to report on the dynamics of the
activation of the pathway. However this claim is not well substantiated, since they do not
characterize the reversibility of the activation. They report that the washout of the STING
agonist leads to loss of fluorescence, but this seems to be a slow response and a
suboptimal setting. We suggest that this may be better addressed in response to cGAMP
treatment. In fact, it is rather concerning/surprising the GFP levels continue to rise for hours
on end (up to 10h of STING agonist treatment), while prior literature has demonstrated that
once stimulated, the pathway also needs to be switched off, which is driven at least in part
by STING degradation. Does the sensor follow this same trend? Are the kinetics of
activation/inactivation coinciding with the kinetics of activation/inactivation of endogenous
STING? We find that it is important to better characterize the (ir)reversibility of the sensor's
activation.

We now provide data of the biosensor inactivation after cGAMP withdrawal (Fig. EV2F), as
well as comparisons with phospho-STING and nuclear IRF3. Biosensor signal intensity
dropped to 70% after 24 hours of the withdrawal, and displayed a larger inactivation (% of
positive cells) compared to nuclear IRF3 (Fig EV2F,G). However, as indicated by the referee,
phospho-STING levels are reduced after 2-8h post-activation, without any need of
withdrawal (Fig. EV2H), while the biosensor only recovers in 3X that time (Fig. 2E). Together
with our previous analyses, these results indicate i) The biosensor reproduces the dynamics
of STING activation similarly as phospho-STING and nuclear IRF3 (Fig EV1D-H, EV2B, 3F,
EV3A) ii) the biosensor is a good indicator for overall STING-IRF3 activity (i.e. active nuclear
IRF3), including during cGAMP withdrawal (Fig. EV2F,G), iii) but does not monitor the fast
dynamics phospho-STING termination (Fig. EV2H vs 2E). We now indicate in the manuscript
the limitations of the tool in that respect.



4. When characterizing a new system, it is best to have a good reference point. Takaki et al.
recently nicely showed IRF3 translocation to be a very sensitive readout for the activity of
the pathway. Therefore, we suggest that the figures 1D-E show not only the imaging of the
newly developed reporter system but to also show how this compares to IRF3 translocation.
We find that further characterization here is also necessary through additional approaches. It
would be nice if authors could show that interaction of the tagged STING and IRF3 occurs
through a method other than measuring GFP fluorescence. This could be done by PLA or IP
but also prevented by brefeldin A. Of course, to assess the contribution of the sensor to the
activation, these experiments would be most easily interpretable and designed in the cellular
background where no STING or IRF3 is expressed (unlike the HelLa cells the authors
establish the sensor in).

We tried both approaches:

1) As discussed above, we now how IRF3 nuclear accumulation in Fig. EV1D,E, and
demonstrated that it is blocked by Brefeldin A. We also took advantage of this IF analysis to
further validate other results, including for replication stress (Fig. EV4I).

2) We also performed PLA analyses using anti-STING and anti-HA antibodies, similarly as
we have previously done for other signalling pathways (Bufe et al, 2021). We used HEK293T
cells, which do not express endogenous cGAS or STING (Fig. EV1G,H). We noticed PLA
signal at the ER in HEK293T biosensor cells, but not in wt HEK293T cells, under basal
conditions. These results suggest stochastic interactions and/or unprocessed STING-P2A-
IRF3 in the ER, which likely account for the halo signal we report under basal conditions
through the manuscript. This basal PLA signal precluded us to perform more detailed
analyses upon activation, but we included here the results for your perusal (Referee figure
2).

We believe that the phosphorylation of the STING part of the biosensor (Figure 1C), together
with detailed characterization of the tool with agonists, inhibitors (Brefeldin), mutants, and
biological inputs, in 3 different cell types -and in parallel to WB and IF analyses of STING
and IRF3-, strongly support the relevance of the SIRF biosensor to monitor STING signalling
in live cells. Further, we now include an automatic pipeline for SIRF biosensor analyses to
avoid biases associated with manual imaging quantification (Figure 2).
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Referee Figure 2: Proximity ligation assays (PLA) between anti-STING and anti-HA (IRF3
from the biosensor) in HEK293T cells, which lack endogenous STING or cGAS. White
arrows indicate activated biosensor. Note that PLA signal appears around the nuclei under
basal conditions in SIRF biosensor cells, possibly due to stochastic interactions in the ER
or/and construct processing.

5. To explain the findings in Fig.3 (namely, that many mCherry- cells show activation of the
reporter), the authors propose a model of paracrine spreading of signal. What caught our
eye is that the highlighted cell in panel A of Fig. 3 which is mCherry- and shows activation of
the pathway even before the first transfected responder cells, is found far away from any
responding cells. The authors mention that they find no distance-dependency when it comes
to this 'bystander' activation while one would expect paracrine signals to act in a distance-
dependent manner. We think this model and data needs further investigation, before strong
conclusions on paracrine signalling can be drawn.

We thank the referee for this critical suggestion, as our conclusion was indeed affected by
the experimental setup of previous Fig 3A.

1) To better understand how paracrine cGAMP signaling interacts with the biosensor, we first
transfected HEK293T cells with either mCherry (Control) or cGAS-mCherry. Given that
HEK293T cells do not harbour endogenous cGAS (Fig. EV1G,H), mCherry transfected cells
are not expected to produce cGAMP, while cGAS-mCherry transfected cells allow for self-
triggering of the expressed cGAS by its plasmid. Mixing cGAS-mCherry HEK293T cells with
HEK293T SIRF biosensor cells resulted in a wave of activation of the biosensor starting from
the cGAS-expressing cells that spread outwards 10-20 um/ hour, while control mCherry cells
induced no activation (Fig. 3A,B and movies S5, S6). These results could be consistent with
cGAMP being transfer through e.g., gap junctions and/or vesicles instead of diluted in the
media. Interestingly, cGAS-mCherry HEK293T cells also activated HelLa SIRF biosensor
cells in a distance-dependent manner, albeit reaching a lower radius and speed (< 5m /



hour) (Fig. 3C,D). These results may indicate differences in cell junctions and other
paracrine methods, activation dynamics, as well as different cell size and spacing between
HEK293T and Hela cells, and highlight the relevance of the biosensor to monitor cGAMP
spreading across a cell population.

2) To avoid problems associated with the late expression of mCherry in the previous
experiments of Figure 3, and following the advice of Referee #3, we directly transfected
fluorescently labelled DNA (Plasmid+TOTO3, Fig. 3E)) in to HeLa biosensor cells. We found
that activation of the biosensor in TOTO3 positive preceded the activation in TOTO3
negative cells in around 3 hours (Fig. 3E-G).

3) We believe that previous results related to plasmid transfection in HelLa cells reflected a
salt-and-pepper transfection efficiency and expression delays, which prevented us to
separate unequivocally paracrine vs intrinsic signalling. In that line, we noticed that previous
treatments with ABCC1i reduced the number of transfected cells (Referee Figure 3), which
likely accounted for the reduced activation of the biosensor in the HelLa population (Previous
Figure 3). As such, we decided to switch the intercellular analyses with the experiments
described above.

100 uM ABCCH1i

. o

HelLa Biosensor mCherry

Referee Figure 3: ABCC1i reduces de proportion of transfected cells (mCHerry) which likely
accounts for a reduction of biosensor activity in bystander HelLa cells.

6. Further, we find the result in Fig. 5J to be very surprising, as it shows that the response is
much higher in the cells where the direct stimulus is not present (paracrine stimulation is
higher than the direct transfection effects). The authors try to show that the biosensor is
responsive to multiple sources of stimulation. However, with such unexpected results in this
experiment, we think it would be important to do a more careful characterization of the
system's responsiveness to exogenous cGAMP (limited data shown in Fig.1l), similar to the
characterizations in Fig.5.

We believed the referee refers to previous Figure 3F, which was unfortunately mislabelled
and showed % of cells mCherry positive and negative in the population, instead the % of
each population with active biosensor. We apologise for the mistake.



Nevertheless, in 3 independent experiments with HSV-1 we found that only 10% of HSV-1
infected HelLa cells (mCherry+) display activation of the biosensor (Fig. 4A-C) compared to
80% of cells transfected with dsDNA (Fig 3G, (TOTO3+) while neighbouring cells (Negative
for either mCherry (Infection experiment) or TOTO3 (Transfection experiment)) showed in
both cases between 15-20% activation rates. We hypothesise that a reduced response of
the biosensor in HSV-1 infected cells might be associated with previously reported cell
intrinsic inhibition of the innate immune response by this virus (Deschamps & Kalamvoki,
2017; Drayman et al, 2019; Hare et al, 2020; Sun et al, 2015), which is not produced by e.g.,
dsDNA (Figure 3) or mtDNA (Figure 5). Further, we now show that inhibition of viral
replication using acyclovir had limited effect on the biosensor response in infected cells, but
largely blocked activation in neighbouring cells (Fig. 4D).

7. The data on the activation of the sensor gained in response to more physiological
stimulation would be beneficial. Most of the experiments show that the system responds well
to a very strong STING agonist (again, with limited data following stimulation with cGAMP
shown in Fig.1l).

In addition to the discussed experiments of paracrine cGAMP upon dsDNA (Fig. 3-4), we
now include a titration of cGAMP fully analysed with a new automatic pipeline in (Fig. 2G,H,
and See below). These new results further add to our other physiological readouts (mtDNA
in Fig. 5 and TREX1 deficiency in Fig. EV5). Of note i) our biosensor results upon HSV-1
infection confirm previous reports on viral inhibition of STING signalling (Deschamps &
Kalamvoki, 2017; Drayman et al., 2019; Hare et al., 2020; Sun et al., 2015), while ii) our
results monitoring micronuclei (i.e. no activation of the biosensor) are backed up by WB and
IF analyses of other STING components (Fig. 6 and EV4).

Taken together we believe that with the current results, we demonstrate that the biosensor
reliably monitors STING signalling upon a broad range of physiological stimuli.

Minor comments

1. As previously mentioned in one of our major comments, it is unclear which part of the
activation of the pathway can be attributed to the biosensor and which is based on the
endogenously-expressed STING and IRF3. We find that the WB in Fig.1C is mislabeled, as
the authors indicate that they detect GFP-tagged portions of STING when both endogenous
and 'biosensor' pools of STING would be detected by a p-STING antibody. It is unclear what
the 2 bands of the pSTING part of the blot represent. The authors need to clarify which band
is which. Also, we suggest blotting for IRF3 levels in Fig. 1C. This would give a better
description of the reporter system.

We now clarify this point with new WBs analyses in Figure 1C, which show the protein levels
and activation of either endogenous or stable transfected STING. Both stably transfected
IRF3 and STING are expressed in higher levels compared to their endogenous counterparts,
but present similar activation levels for TBK1 (Fig. EV1B). Of note HEK293T biosensor cells
which do not have endogenous STING (Fig. EV1G,H, 3A,B), functions similarly as the HeLa
biosensor cells.

Mechanistically, we expect that both endogenous and transgenic STING signalling
components (when present) should be interlinked in the complexes.



2. Figure 3H, please show that Influenza A sequence is present in cells.

We now show in the Figures 4A and EV3B the successful infection of Influenza A both by
IncuCyte imaging and SC35M-specific gqPCR.

3. Figure S3G, please show TREX1 levels on western blot upon siTREX1.
We now show the KD efficiency in Figure EV5D.

4. Please describe in materials and methods how the treatments with cGAMP are
performed. How is the mock sample treated?

To avoid perturbations and heterogenicity caused by electroporation, which is a method
used in several previous publications, we treated cells directly with cGAMP or vehicle
(Hepes). We now described in the methods the automatic CellProfiler pipeline utilised for
those analyses.

5. On page 7 of the manuscript the authors write that micronuclei not activating the pathway
is unexpected. Please refer to Flynn et al, 2021 here. This is the first paper (to our
knowledge) to report that micronuclei are not (strong) activators of STING.

We now cite this manuscript together with the other recent studies on the matter in the
introduction, results and at the end of the discussion.

We would like to point out the Flynn et al do not measure active STING activity and but rely
on cGAS and interferon/cytokine production, which we (Fig. EV4) and contemporaneous
studies (Takaki et al., 2024) demonstrate that can be independent of cGAS-STING-IRF3
signalling. In the light of our results, we think it would be important to revisit whether
chromatin bridges do activate STING or function in IFN signalling through other mechanism.

6. Please show that HEK293T cells do not express cGASand STING. (fig. S2C)

We show now WBs analyses in supplementary Figure EV1H.

7. In Fig. 3A at timepoint 20h, the cells appear to be very unhappy. It is difficult to see since
the only channel shown is GFP. In any case, we think it is important to show that the
stimulation of the biosensor is not toxic.

We did not detect cell death upon stimulation with e.g., diABZI or cGAMP. Some
experiments such as high levels of DNA transfection can lead to residual cell death after
more than 20 hours both in wt or biosensor cells. We now show a long video of continuous
recording of the biosensor and include the DIC (movie S10). Furthermore, we now indicate
that we had passaged Hela biosensor cells after biosensor activation without any
complications in both methods and main text.

8. Fig. 4C does not have a QvD only condition.

We did not run QvD alone in those set of experiments as we had previously tested that had
no effect. We included it as referee figure 4 for your perusal.
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Referee Figure 4: QvD alone does not activate the biosensor in HelLa cells

Referee #3:

In this work, Smarduch et al. generate a novel biosensor for cGAMP detection in cells using
a split GFP system tagged to STING and IRF3. The authors show that this system, when
stably expressed in cells, can be activated by STING agonists (synthetic and cGAMP),
viruses, DNA (with cGAS activation), mitochondrial DNA upon apoptosis, but not in the
context of micronuclei. Overall the authors provide convincing evidence that this system
would be extremely useful to easily monitor the live propagation of cGAMP between cells in
tissues. This tool should represent a very useful solution to the monitoring of cGAMP
dynamics, however a few points need to be addressed to broaden its utility.

Thank you.

Major points:

1- The authors rely heavily on two aspects of their biosensors; on one hand, the biosensor
forms intracellular aggregates/punctuates, as previously reported; On another these have
increased fluorescence compared to background fluorescence. What is not very clear is
what is used in which figures and how easily this is assessed. There is little information
about how many cells were counted for the MFI (200 seems to be the cut of for punctate
positive cells) - but the methods suggest a lot of this was done manually.

The authors seem to switch between one and the other in their figures - which is a bit
confusing (although this reviewer understands that the authors are trying to show different
aspects of the system). If the cGAMP GFP intensity can indeed be accurately measured and
is increased upon stimulation, then the assay should also be validated on flow cytometry for
a true quantification of fluorescence at the single cell level (which would be unbiased and
more accurate than the user selected cells measured by microscopy). The abstract suggests
that the biosensor can be used for plate reader (presumably whole well assay in fluorescent
plate reader) - this should also be demonstrated somewhere. Ultimately, the authors need to
better support the single cell level approach using unbiased analyses.

In the original version we analysed the biosensor either by manual quantification of GFP
intensity in the foci (most analyses) or in a Incucyte plate reader (Former Figures 3H-J and
Figure 4 on infection and apoptosis).

We agree with the referee that unbiased and scalable approaches are preferred and
addressed this question in different ways:

1- Confocal imaging + CellProfiler: We implemented a fully automatized segmentation and
quantification pipeline using CellProfiler in SIRF biosensor H2B-mCherry HelLa cells that



calculates the biosensor dynamics at single cell level (activation, number of punctae,
average intensity, integrated intensity) from each all the imaged cells across time (Figure
2D,E). We now showcase the efficacy of this approach for unbiased analyses of the
biosensor for different conditions, including cGAMP (Figure 2G,H), and refined to further
characterise automatically signalling in different subgroups, including dsDNA transfected vs
non-transfected cells (Figure 3F,G). The combination of the biosensor with the CellProfiler
approach (We include the CellProfiler code as supplementary material) will strongly facilitate
researchers monitoring STING activity at single cell levels across a heterogeneous
population and time. We provide the CellProfiler data for this approach as “Biosensor
integrated intensity (RU)” “Biosensor activated cells (%)”, and explain the process in the
methods.

2- Incubator imaging using IncuCyte: Our co-authors working in apoptosis and viral infection
rely on IncuCyte plate readers for their studies. This allowed us to demonstrate the utility of
our tool beyond classical confocal imaging. We now show analyses with IncuCyte plate
reader for most of the perturbations followed up with automatic quantification of GFP signal
provided by the equipment (See methods). These analyses largely confirmed our previous
manual analyses albeit with slightly lower sensitivity compared to confocal imaging (See
Figure 2), and demonstrated the efficiency of this type of plate reader, especially for
population analyses of the biosensor. This approach is suitable for both live cell imaging and
IF, and can be easily scale up for high-throughput analyses. Given that this is not a standard
plate reader (See below), we now clearly indicate that we refer to this instrument.

3- Manual analyses: We now leave manual analyses for the proof-of-principle experiments
of Fig. 1-2, as well for studies of e.g., micronuclei (Fig. 6), which require expert monitoring of
the different subpopulations.

4- We examined the biosensor in a regular plate reader instead of an IncuCyte. We could
not detect differences in activation possibly due to background signal and/or low sensitive of
this method.

5- We also performed FACS analyses and only detected minor differences using this
approach. Given the basal signal of the biosensor in the ER (Fig. 1), we believe that a more
sophisticated approach such as Imaging flow cytometry (IFC) should be require to
characterize the biosensor through cytometry.

Taken together, our previous and new analyses support three robust type of analyses for the
biosensor: i) Manual characterization of median intensity in foci after live cell imaging or IF,
ii) automatized segmentation and analysis of biosensor cells using CellProfiler and a nuclear
marker after live cell imaging or IF, and iii) Automatic population analyses using IncuCyte
(which can be complemented with manual analyses for single cell characterization). Beyond
describing the 3 approaches in detail in the manuscript, we now indicate the rationale of
using either approach along the manuscript and clearly indicate them in the figure legends
and methods.

2- One of the key aspects of this research is the capacity afforded by this technology to
assess the propagation of cGAMP within tissue. The authors touched on this but do not
address the capacity of cGAMP to propagate through gap junctions. Since HEK 293T cells
form CX43 dependent gap-junctions, it would be easy to confirm this with minimal
experiments. For example, co-culture of a few HEK 293T cells overexpressing cGAS-GFP



(which make cGAMP) added on top of a confluent layer of HEK293T cells with the STING-
IRF3 biosensor would allow to measure activation of the signal as it progresses through the
cell monolayer.

We thank the referee for this important suggestion.

As discussed above (See Referee #2, question #5), we performed this experiment and
analysed cells by either live imaging (Fig. 3A-D and movies S5, S6). We detected a fast and
wave-like spread of biosensor activation in HEK293T cells, and slow and limited spread in
HelLa cells. We now discuss these findings in the manuscript, comment on the relevance of
cellular junctions, as well as the utility of our tool to examine cGAMP transfer.

3- The authors propose that micronuclei do not activate their biosensor. Because the
micronuclei function/sensing would be expected to be very different between cell types it is
important to tone-down the fact that this may be the case in their model - i.e. Hela cells - but
maybe not in other models. One point which should be definitely be mentioned is the case of
non-canonical STING signaling, which does not depend on cGAS and thus would not be
able to recruit the biosensor. In this regard, it would be very useful to create stable HaCaT
cells expressing this biosensor and show that while diABZI activate the biosensor, DNA
damage with CPT/ does not (see Dunphy et al., Al-Asmari et al.), although it activates
production of IL-6. This would complete the characterisation of this reporter and nuance the
findings on sensing of DNA damage products presented here.

We clarify now that our results are limited to HeLa and HEK293T cells (See Fig. EVA4L).
However, contemporaneous studies also show that micronuclei are poor activators of STING
in HeLa Kyoto, SiHa, WI-38, HaCaT HUVEC, T24, and HCT116 cells (Sato & Hayashi, 2024;
Takaki et al., 2024).

We tried to generated HaCat biosensor cells but i) the transfection efficiency was really low
and the cells grow slowly thereby complicating the generation of positive clones. Of note, we
do not detect activation of STING signalling upon CPT or aphidicolin in HelLa cells either,
unless is associated with cell death / autophagy (Fig. 6 and EV4). In the light of our results
on cytokine expression upon aphidicolin and reversine, including in cGAS lacking cells such
as HEK293T cells (Fig EV4L), as well as similar results in two contemporaneous studies
(Sato & Hayashi, 2024; Takaki et al., 2024), we believed that it would be important revisiting
previous studies linking DNA damage to STING signalling, specially if they were based on
either i) cGAS recruitment or ii) IFN/cytokine expression data.

4- The sensitivity of the assay should be determined using fluorescent labelled dsDNA (e.g.
ISD70), transfected in cells and biosensor activity in transfected cells measured with time.
Unlike the DNA transfection used here (noting that the authors used SV40-mcherry which
may increase the amount of cytosolic vector if the vector has an SV40 ori), transfection of
defined amount of labelled synthetic DNA will allow to define a molecular concentration of
cytosolic DNA sensed. This should be compared to the induction of IRF3 targets by
RTqPCR to similar amount of transfected DNA in Hela cells.

We previously used mCherry with only the NLS from SV40, not the SV40 ori. Nevertheless,
as suggested by the referee, and above discussed with referee #2, our previous approach
had a number of caveats (See response to Referee #2, question #5).



We had problems obtaining ISD-derived reagents with the required fluorophore, and used
instead Thiazole Red Homodimer (TOTO3) labelling followed by DNA-fluorophore
precipitation, and transfection. We show i) DNA concentration-dependent activation of the
biosensor upon transfection reaching similar levels as full activation with diABZI, and ii) that
activation of the biosensor in TOTO3 positive preceded the activation in TOTO3 negative
cells in around 3 hours (Fig. 3E-G).

We also show gqPCR analyses of HelLa cells treated with the same concentration of DNA
(Fig EV3A). The biosensor shows a comparable sensitivity to CXCL70 expression albeit
faster dynamics (Fig. EV3A vs 3F), consistent with an upstream response. Of note the
biosensor was more sensitivity than /FNB and IL6 expression (See blue line in EV3A vs 3F).

Minor points:
- the text refers to Figure S1C but this should be S2 (in results section).
Changed

-the abbreviation for interferon is IFN not INF (which is used throughout the paper)

We apologize for the error. We corrected it in the figures and text.

- Why do they use SV40-mcherry? - noting that SV40 has an impact on sensitization of cells
to cGAS sensing by DNA damage (Pepin et al, mBio 2018).

We only used the NLS of SV40 to ensure nuclear localization. We now used fluorescently
labelled DNA, as per referee’s suggestion.
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1. Please define the annotated p values *** as well as provide the exact p-values for the same in the legend of Figure 4d; EV 5f;
as appropriate.

2. Please note that the exact p values are not provided in the legends of Figures 1f; 6d-f; EV 2e; EV 4i-j; EV 5b-c.

3. Please indicate the statistical test used for data analysis in the legends of Figures 4d; EV 5f.



4. Please note that in Figures 6d-f; EV 2e; EV 5b-c; there is a mismatch between the annotated p values in the Figure legend
and the annotated p values in the Figure file that should be corrected.
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together with their corresponding movies.

- The section "ANNEXED CODE" should be removed from the manuscript file. All new code generated and used in this study
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repository, identified, and specific URL).
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Methods - Data Availability - Acknowledgements - Disclosure and Competing Interests Statement - References - Figure Legends
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the referee reports, your point-by-point response and all pertinent correspondence relating to the manuscript. You can opt out of
this by letting the editorial office know (contact@embojournal.org). If you do opt out, the Peer Review File link will point to the
following statement: "No Peer Review File is available with this article, as the authors have chosen not to make the review
process public in this case."

We look forward to seeing a final version of your manuscript as soon as possible. Please let us know if you have any questions
and use this link to submit your revision: https://emboj.msubmit.net/cgi-bin/main.plex.

Best wishes,

loannis

loannis Papaioannou, PhD

Editor, The EMBO Journal
i.papaioannou@embojournal.org
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This reviewer appreciates the insightful responses and additional experiments during the revision. The manuscript has been
much improved, and | believe that it is now ready for publication.

Referee #2:



As we had already written a detailed report in reference to the first submission, here we would like to only refer to the changes
made to improve the manuscript.

We find that the changes the authors made improved the manuscript greatly and give more confidence to their findings and the
newly established reporter system. All our comments were addressed to a satisfactory level. We find that the focus of the
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