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1st Editorial Decision 7th Jun 2024

7th Jun 2024
Dear Sven,

Thank you again for submitting your work to EMBO Molecular Medicine. We have now heard back from the three referees who
evaluated your manuscript. As you will see from the reports below, the referees find the topic of your study of interest. However,
they raise substantial concerns on your work, which should be convincingly addressed in a major revision of the present
manuscript.

The referees' recommendations are relatively straightforward, so there is no need to reiterate the points listed below. All the
issues raised by the reviewers need to be carefully addressed. During our pre-decision cross-commenting (in which the referees
are given a chance to make additional comments, including on each other's reports), Referees #2 mentioned that their
comments #1,4,6,9,12 need to be addressed in a major revision, and the other questions raised by the same referee should be
taken seriously and, at the very least, discussed in the DISCUSSION section. Referee #1 concurred with Referee #2 and
indicated that the concern of both Referees #1 and #3's regarding sex comparison needs to be addressed.

We would welcome the submission of a revised version within six months for further consideration. Please feel free to contact
me in case you would like to discuss in further detail any of the issues raised by the referees.

As you may already know, our editorial policy allows in principle a single round of major revision, and it is therefore essential to
provide responses to the reviewers' comments that are as complete as possible.

EMBO Molecular Medicine has a "scooping protection” policy, whereby similar findings that are published by others during
review or revision are not a criterion for rejection. Should you decide to submit a revised version, | do ask that you get in touch
after six months if you have not completed it, to update us on the status.

Please also contact us as soon as possible if similar work is published elsewhere. If other work is published we may not be able
to extend the revision period beyond three months.

Please read below for important editorial formatting and consult our author's guidelines for proper formatting of your revised
article for EMBO Molecular Medicine.

I look forward to seeing a revised form of your manuscript as soon as possible.
Sincerely,

Jingyi

Jingyi Hou
Editor
EMBO Molecular Medicine

*kkkk

When submitting your revised manuscript, please carefully review the instructions that follow below. We perform an initial quality
control of all revised manuscripts before re-review; failure to include requested items will delay the evaluation of your revision.

We require:

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 production quality figure files as .eps, .tif, .jpg (one file per figure). For guidance, download the 'Figure Guide PDF":
(https://'www.embopress.org/page/journal/17574684/authorguide#figureformat).

3) A .docx formatted letter 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.

4) A complete author checklist, which you can download from our author guidelines
(https://www.embopress.org/page/journal/17574684/authorguide#submissionofrevisions). Please insert information in the
checklist that is also reflected in the manuscript. The completed author checklist will also be part of the RPF.

5) Please note that all corresponding authors are required to supply an ORCID ID for their name upon submission of a revised
manuscript.

6) It is mandatory to include a 'Data Availability' section after the Materials and Methods. Before submitting your revision, primary
datasets produced in this study need to be deposited in an appropriate public database, and the accession numbers and
database listed under 'Data Availability'. Please remember to provide a reviewer password if the datasets are not yet public (see
https://www.embopress.org/page/journal/17574684/authorguide#dataavailability).

In case you have no data that requires deposition in a public database, please state so in this section. Note that the Data
Availability Section is restricted to new primary data that are part of this study.

7) For data quantification: please specify the name of the statistical test used to generate error bars and P values, the number
(n) of independent experiments (specify technical or biological replicates) underlying each data point and the test used to
calculate p-values in each figure legend. The figure legends should contain a basic description of n, P and the test applied.
Graphs must include a description of the bars and the error bars (s.d., s.e.m.). See also 'Figure Legend' guidelines:
https://www.embopress.org/page/journal/17574684/authorguide#figureformat

8) 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.

9) Our journal encourages inclusion of *data citations in the reference list* to directly cite datasets that were re-used and
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 .

10) We replaced Supplementary Information 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 respective 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.

- Additional 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. Alternatively, the legend can be supplied as a separate text file (README) and zipped
together with the Table/Dataset file.

See detailed instructions here:

11) The paper explained: EMBO Molecular Medicine articles are accompanied by a summary of the articles to emphasize the
major findings in the paper and their medical implications for the non-specialist reader. Please provide a draft summary of your
article highlighting

- the medical issue you are addressing,

- the results obtained and

- their clinical impact.

This may be edited to ensure that readers understand the significance and context of the research. Please refer to any of our
published articles for an example.



12) For more information: There is space at the end of each article to list relevant web links for further consultation by our
readers. Could you identify some relevant ones and provide such information as well? Some examples are patient associations,
relevant databases, OMIM/proteins/genes links, author's websites, etc...

13) Author contributions: You will be asked to provide CRediT (Contributor Role Taxonomy) terms in the submission system.
These replace a narrative author contribution section in the manuscript.

14) A Conflict of Interest statement should be provided in the main text.

15) Every published paper now includes a 'Synopsis' to further enhance discoverability. Synopses are displayed on the journal
webpage and are freely accessible to all readers. They include a short stand first (maximum of 300 characters, including space)
as well as 2-5 one-sentences bullet points that summarizes the paper. Please write the bullet points to summarize the key NEW
findings. They should be designed to be complementary to the abstract - i.e. not repeat the same text. We encourage inclusion
of key acronyms and quantitative information (maximum of 30 words / bullet point). Please use the passive voice. Please attach
these in a separate file or send them by email, we will incorporate them accordingly.

Please also suggest a striking image or visual abstract to illustrate your article as a PNG file 550 px wide x 300-800 px high.

EMBO Molecular Medicine has a "scooping protection” policy, whereby similar findings that are published by others during
review or revision are not a criterion for rejection. Should you decide to submit a revised version, | do ask that you get in touch
after three months if you have not completed it, to update us on the status.

**** Reviewer's comments *****
Referee #1 (Remarks for Author):

In this study, Yu and Xiao, et al. reported an interesting finding that C57BL/6J GF mice showed increased anxiety-related
behavior compared to C57BL/6J SPF mice. In line with their changes in the behavioral tests, the C57BL/6J GF mice also
exhibited increased c-Fos expression and intrinsic excitability in the BLA, which are correlated with reduced SK channel
activities. Notably, indole treatment partially rescued the phenotypes of C57BL/6J GF mice. Overall, the findings reported in this
manuscript are intriguing and could be informative to other studies in the field, especially since most new transgenic mouse
strains are on a C57BL/6J background. However, | have the following concerns:

1. Sex comparison was never analyzed, and it is unclear why only males were used. This is confusing because, in the methods
section, the authors wrote, "First, 8-week-old male and female GF mice were colonized with feces from the SPF mice through a
single gavage." Did the authors examine female mice or not? Can they provide data on female mice?

2. On page 5, the authors wrote: "We established two distinct control groups: the naive group, in which mice remained
undisturbed in their home cages..." but they never showed the data of the naive group.

3. On page 6, the authors wrote, "Interestingly, we observed a significant increase in the number of c-Fos-positive cells in
ventral CA1 cells." However, in Figure 11, the CA1 data are comparable between SPF and GF mice.

4. On page 11, Figures S4 and S5 are in the wrong order.

5. What is the total distance traveled by GF vs. GF+l mice in the open field test? What about the time spent in open arms and
the number of transitions in the EZM test for GF vs. GF+I mice? Why did the authors choose different parameters when testing
GF+1 mice? Why didn't they use the same parameters as when they tested SPF vs. GF mice and GF vs. CONV mice in Figures
1 and 47

6. How is c-Fos expression in the BLA and CA1 of GF+I mice?

Referee #2 (Remarks for Author):

Yu et al.'s study reports elevated BLA neuron activities and anxiety-related behaviors in C57BL/6J GF mice, potentially
attributed to the absence of living gut microbiota. However, to conclusively demonstrate that gut microbiota/metabolite
dysfunction elevates BLA neuron activities, ultimately leading to anxiety, the provided data is inadequate, and several issues
need clarification:

Major Concerns:



1. In Figure 1D, the authors employ the c-fos paradigm in the EZM to identify brain regions involved in anxiety behavior.
However, given the statistical data in Figures 1B and 1C, SPF and GF mice react differently in the EZM. This raises questions
about whether the observed high c-fos expression level in the BLA of GF mice is due to increased anxiety or simply reflects a
longer time spent in the EZM open arm compared to SPF mice.

2. In Figure 1E, it appears that the magnified images of the CeA region for both SPF and GF groups do not correspond to the
delimited area in the dotted box.

3. In Figure S1C and S1D, the authors claim no changes in CeA neuron activities. This is surprising given the well-established
microcircuit connections between BLA-CeA. The authors should explain why the hyperactivity of BLA neurons did not affect
CeA neurons.

4. Figure 1E suggests that not all BLA neurons in GF mice are activated. This raises a crucial question: During the
electrophysiological recording of BLA neurons in Figure 2A-C, without any labeling methodology, how can the authors ensure
that the recorded neurons were activated? What percentage of recorded neurons were activated BLA neurons? To specifically
target activated BLA neurons in GF mice, the use of FOS-TRAP transgenic GF mice would be more appropriate.

5. In Figure 2D-G, sEPSC/sIPSC primarily reflects network activity changes in BLA neurons and may not accurately represent
changes in individual BLA neurons. Instead, recording mEPSC/mIPSC would be more insightful.

6. Direct evidence, such as microbiota abundance and diversity analysis, is necessary to confirm the restoration of the gut
microbiota community in CONV mice.

7. In the method section (page 17), the authors mention a control group for CONV mice, but no experimental data from this
group is presented. Additionally, the SPF group is missing in Figure 4.

8. There is a significant discrepancy in the average time GF mice spent in the open arms of the EZM between Figure 1B (about
10s) and Figure 4B (close to 40s), which is similar to the level of SPF mice in Figure 1B. The authors should explain this
substantial variation.

9. There is no direct evidence linking indole to gut microbiota metabolites. To establish this connection, intestinal metabolome
analysis of SPF and GF mice is essential.

10. It remains unclear whether 1-EBIO treatment alleviates anxiety behaviors in GF mice.

11. Figure 5D-1 lacks a dose-effect curve for indole treatment.

12. Since indole can cross the blood-brain barrier, oral administration of indole may not necessarily affect anxiety-related
behaviors through BLA neurons. Direct injection of indole into the BLA would provide stronger evidence.

Minor Concern:
The manuscript requires thorough editing and polishing.

Referee #3 (Comments on Novelty/Model System for Author):

The study is based on the generally accepted fact that murine anxiety like behavior seen in most germ-free murine strains and
addresses the underlying mechanisms. Specifically, the authors point out that a causal relationship between the microbiota and
anxiety like behavior in rodents remains an association and they wish to establish a causal role of the microbiota. Clinical
relevance of the study is also supported by studies showing hyperactivity of the amygdala in patients with anxiety disorders.

The first part of the study demonstratess anxiety-like behavior in C57BL/6J mice; the studies appear to be performed well with
clear results. They then show an increase in c-fos positive cells within the basolateral amygdala and demonstrate hyper
excitability in the basal lateral amygdala because of a reduction in regulatory K+ (SK) activity standard electrophysiological
approaches. In the second part of the study, they colonize germ free mice and show that this attenuates, but does not abolish,
anxiety like behavior. Microbial colonization also results in reversal of the electrophysiological changes in the BLA. In the final
part of the study they administer dietary indole, a microbial metabolite that has been associated with stress and anxiety and is
known to cross the blood brain barrier, and show that this improved anxiety like behavior and reverse the hyper excitability in
BLA neurons.

This is a novel finding as it strengthens a causal link between microbiota and anxiety like behavior as well as identifies potentially
important microbial metabolites involved in this process. The absence of an attempt to identify sex- linked effects in this
mechanism is seen as a weakness.

The senior investigators have an established track record related to microbiota- brain interactions.

The model system its standard for this type of work and suits the practical needs of the experiments. However it relates to the
early colonization of the gut and may not necessarily relate to anxiety disorders later in life. This should be acknowledged in the
revised manuscript.

Referee #3 (Remarks for Author):

This is a well performed study that links the microbiota and its metabolite indole to the regulation of anxiety like behaviour that



characterizes most germ free mouse strains. Anxiety like behaviour is associated with increased excitability in the basolateral
amygdala attributed to a reduction and a reduction in calcium-activated potassium (SK) channel currents. Microbial colonization
improves but does not abolish anxiety like behaviour but reverses the increased excitability of neurones in the BLA. Dietary
indole supplementation also reverses these changes in GF mice.

1. Why was sex-related influence not studied ?

2. Why do the authors feel that colonization only partially reverse anxiety like behaviour, particulatly given its impact on the
amygdala?

3 Please explain why the electrophyiological experiments performed in the presence of CNQX, and picrotoxin.
4. The authors speculate that these interesting findings might provide insight into anxiety like disorders. However, for practical
reasons the study is conducted in the context of early life exposure to microbes and their products, whereas anxiety illness

usually occur later in life. this needs to be acknowledged.

5. Do the authors feel that increases in dietary tryptophan may have a role in treating anxiety disorders.



1st Authors' Response to Reviewers 22nd Oct 2024

Response to Reviewers
EMBO Molecular Medicine Manuscript # EMM-2024-19971

We thank the reviewers for their helpful comments and suggestions to improve and
strengthen our manuscript. To address the concerns raised, we have performed additional
experiments and included new data and clarifications in the revised manuscript. The major
changes are summarized below, and all changes are described in detail in the point-by-point
response following this summary and highlighted in the revised manuscript.

e We have included c-Fos staining data for the naive groups (Figure S1A-C).

e We have included c-Fos staining data for germ-free (GF) mice, both with and without
chronic indole treatment (Figure SSE-G).

e We have added new electrophysiological recordings and analyses of mEPSCs/mIPSCs
in the BLA of SPF and GF mice (Figure S2E-H).

e We have added new behavioral assay data and analyses for SPF, GF, and indole-
treated GF mice to match with Fig 1 and 4 (Figure 5A, E, F).

e We have clarified the Materials and Methods section.

e We have revised the Discussion section of the manuscript to address the reviewers’
comments.

Again, thank you for your valuable feedback.



Reviewer #1

Reviewer #1 found our manuscript "intriguing" and "could be informative for other
studies in the field, especially since most new transgenic mouse strains are on a
CS57BL/6J background'. We thank the reviewer for highlighting the importance and
impact of our study and have worked to address the comments to further strengthen
our manuscript.

Q1. Sex comparison was never analyzed, and it is unclear why only males were used. This
is confusing because, in the methods section, the authors wrote, ""First, 8-week-old male
and female GF mice were colonized with feces from the SPF mice through a single
gavage." Did the authors examine female mice or not? Can they provide data on female
mice?

The 8-week-old male and female mice mentioned here are the breeder mice (not to be
confused with the mice used in the study) - they were colonized and bred with colonized mice
to produce F1 offspring. The F1 males were then used throughout the study as this was the
original study design. Since the study is focused on behavioral or neurological responses, and
the fluctuating hormone levels in the female mice may affect these, interpreting the results
difficult and complex, our original plan was to conduct the study in male mice only to gain an
initial understanding of the influence without the additional confounding factor of hormone
cycling and also to stay within the funded budget. However, we recognize the critical need to
compare the sexes, particularly with respect to their responses to stress and anxiety, and the
extent to which microbes/metabolites alleviate stress and anxiety between males and females.
We believe that this requires separate studies and careful interpretation. Therefore, we have
planned a separate study focusing on the influence of microbes/indole on stress and anxiety
coping in female mice, with a more nuanced experimental design to account for their
hormonal fluctuations, for which we have recently received funding.

Q2. On page 5, the authors wrote: '"We established two distinct control groups: the naive
group, in which mice remained undisturbed in their home cages..."" but they never showed
the data of the naive group.
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Figure 1. Expression of c-Fos in neurons of the amygdala and CA1 region in naive mice.

(A-B) Activity mapping of the amygdala and CA1 using c-Fos staining in naive SPF control and GF mice. A magnified
image of c-Fos immunoreactivity corresponding to the inset in the fluorescence image is shown in "Merged". Representative
images of c-Fos-positive cells in different brain regions. Schematics were drawn based on the Allen Mouse Brain Atlas. (C)
Quantification of the number of c-Fos-positive (+) cells in the naive SPF control and GF mice groups. BLA; basolateral
amygdala, CeA; central amygdala. Scale bars: 100 um in (left) and 50 um in (right).




We have agreed with the reviewer to show the data (now in Figure S1 in the revised
manuscript). In the naive group, we did not observe a statistically significant increase in c-
Fos positive cells in the BLA, CeA, or CA1 areas within the GF group compared to SPF mice
(SPE_BLA: 17.25 + 1.10 n/mm?*; GF_BLA: 22.5 + 1.32 n/mm?; Mann-Whitney test P = 0.06)
(Figure S1A, 1B, 1C) (Pg 6, paragraph 1).

Q3. On page 6, the authors wrote, "Interestingly, we observed a significant increase in the
number of c-Fos-positive cells in ventral CAI cells."” However, in Figure 11, the CAl data
are comparable between SPF and GF mice.

We thank the reviewer for pointing this out. There is a slight increase in the number of c-Fos
positive cells in ventral CA1 cells (Figure 11, SPF: 35.5 + 1.32; GF: 42 + 2.67, Mann-
Whitney test P = 0.14), but not statistically significant. We have corrected this in the revised
manuscript (Pg 6. paragraph 3).

Q4. On page 11, Figures S4 and S5 are in the wrong order.
We agree with the reviewer and have revised the manuscript accordingly.

05. What is the total distance traveled by GF vs. GF+I mice in the open field test? What
about the time spent in open arms and the number of transitions in the EZM test for GF vs.
GF+I mice? Why did the authors choose different parameters when testing GF+I mice?
Why didn't they use the same parameters as when they tested SPF vs. GF mice and GF vs.
CONYV mice in Figures 1 and 4?

We agree with the reviewer and have revised Figure 5 in the same format as Figures 1 and 4,
adding the total distance graph for the open field and combining the data from Figure 6 into
Figure 5 for consistency. We have also revised the figure legend and results section (Pg 12-13)
accordingly. When we compared SPF, GF, and GF+I mice together in another independent
set to generate data for the revised Figure 5, we added a few more open field parameters
relevant to anxiety-like behavior, such as the number of central zone entries, the distance
traveled in the central zone, and the ratio of central to peripheral zone distances, which were
missing from the previous set (Figures 1 and 4). The total distance traveled in the open field
does not always reflect anxiety-like behavior as accurately as where the mice tend to go
inside the box. Anxiety-like behavior is usually determined by the extent to which mice
explore the central zone, as they tend to stay in the peripheral area close to the walls of the
open field chamber when they are anxious, rather than venturing into the center of the
chamber.
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Q6. How is c-Fos expression in the BLA and CAI of GF+I mice?
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Figure 2. Expression of c-Fos in neurons of the amygdala and CA1 region in indole-treated mice.

(A-B) c-Fos staining was used to map neuronal activity in the amygdala and CA1 region of germ-free (GF) mice following
the elevated zero maze (EZM) experiment. The most significant differences in c-Fos expression were observed in the
basolateral amygdala (BLA). A magnified view of the c-Fos immunoreactivity, corresponding to the inset in the fluorescence
image, is presented in the "Merged" panel. (C) Quantitative analysis of c-Fos-positive (+) cells in GF mice and indole-treated
GF mice. Scale bars: 100 um in (left) and 50 pm in (right).

We have agreed with the reviewer to perform c-Fos staining experiments (now in Figure S5
in the revised manuscript). Compared to SPF mice, GF mice showed a significant increase in
c-Fos positive cells in the elevated zero maze, especially in the BLA (Figure 1E and G), but
this change was not observed with GF mice with chronic indole treatment (GF: 33.75 + 2.53

n/mm2; GF + I: 22.5 + 1.04 n/mm2; Mann-Whitney test P = 0.03) (Figure SS5E-G) (Pg 13,
paragraph 2).




Referee #2:

Reviewer #2 raised multiple concerns and we have addressed the comments to further
strengthen our manuscript.

Q7. In Figure 1D, the authors employ the c-fos paradigm in the EZM to identify brain
regions involved in anxiety behavior. However, given the statistical data in Figures 1B and
1C, SPF and GF mice react differently in the EZM. This raises questions about whether
the observed high c-fos expression level in the BLA of GF mice is due to increased anxiety
or simply reflects a longer time spent in the EZM open arm compared to SPF mice.

We understand the reviewer's concern and have shown c-Fos staining data in both SPF and
GF animals under naive conditions and observed only residual c-Fos staining in both groups
in the home cage (please take a look at Figure 1 in Q2 in this rebuttal, now new Figure S1 in
the revised manuscript). These results suggest that c-Fos levels in the BLA of GF mice reflect
neuronal activity and that this activity is increased by a sensory stimulus or environment that
affects anxiety levels, rather than the time spent in the EZM.

08. In Figure 1E, it appears that the magnified images of the CeA region for both SPF
and GF groups do not correspond to the delimited area in the dotted box.

We agree with the reviewer and have revised the images accordingly (Figure 1E).
Q9. In Figure S1C and S1D, the authors claim no changes in CeA neuron activities. This

is surprising given the well-established microcircuit connections between BLA-CeA. The
authors should explain why the hyperactivity of BLA neurons did not affect CeA neurons.

SPF(4) We agree with the reviewer that inc‘re?ased ex.ci'tab%lity of BLA ‘
< 60 - GF(4) pyramidal neurons would likely facilitate act1V1ty' in downstream regions
£ such as the prefrontal cortex, central amygdala, hippocampus, and
E o nucleus accumbens. However, the situation may be more complex
T_,; 40 - depending on the internal or external state of the behavior. Previous
E studies have shown that optogenetic stimulation of BLA terminals in the
‘0 20 1 central amygdala (CeA) produces an acute, reversible anxiolytic effect
o (Tye et al. 2011), whereas suppression of this projection increases
S 0 - anxiety-related behaviors. This finding seems to contradict the
CA1 reviewer’s prediction. Instead, we believe that the projection from the
Figure 3. Quantitative | BLA to the ventral hippocampus (VHPC) is more relevant for mediating
L 7R Gif el oy anxiety, based on previous optogenetic studies (Felix-Ortiz et al. 2013).
positive (+) cells in
CAL neurons of SPF
control and GF groups | This conclusion is also supported by our c-Fos staining data showing
increased c-Fos expression in the ventral hippocampal area after

exposure to the elevated plus maze (Figure 3 in the rebuttal, now in Figure 11 in the revised
manuscript). However, the situation may be more complicated because BLA inputs exert
polysynaptic inhibitory effects on local interneurons in the vHPC. This inhibition may lead to
hyperactivity in excitatory principal neurons (Felix-Ortiz et al. 2013). We believe that
dissecting these effects is beyond the scope of our current manuscript.

Q10. Figure 1E suggests that not all BLA neurons in GF mice are activated. This raises a
crucial question: During the electrophysiological recording of BLA neurons in Figure 2A-



C, without any labeling methodology, how can the authors ensure that the recorded
neurons were activated? What percentage of recorded neurons were activated BLA
neurons? To specifically target activated BLA neurons in GF mice, the use of FOS-TRAP
transgenic GF mice would be more appropriate.

We agree with the reviewer that it would be ideal to use c-Fos TRAP, germ-free mice to label
neurons for the electrophysiological recording (Guenthner et al. 2013). Unfortunately, after
several attempts, we were unable to get them into germ-free. Although we could only pooled
average responses from BLA neurons right after the EZM paradigm, we were able to observe
the significant functional changes in intrinsic excitability. We expect that the outcome of
research using c-Fos TRAP may not be so different from our current data. We have included
this point in the Discussion section of our revised manuscript (Pg 15).

Q11. In Figure 2D-G, sEPSC/sIPSC primarily reflects network activity changes in BLA
neurons and may not accurately represent changes in individual BLA neurons. Instead,
recording mEPSC/mIPSC would be more insightful.

We agreed with the reviewer and
performed mEPSC/mIPSC
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Figure 4. mEPSC/mIPSC in SPF and GF mice. (A-D) Analysis of reflect network activities due to

mEPSCs and mIPSCs recorded from basolateral amygdala (BLA) increased intrinsic excitability of
neurons in SPF and GF mice. The data present cumulative probability . .
distribution of mEPSC and mIPSC amplitude and inter-event interval, BLA neurons in the GF, not via
and the quantification of amplitudes and frequencies recorded from the number of presynaptic

BLA neurons of SPF and GF mice. terminals or presynaptic
functional changes such as
release probability or quantal content. Similarly, there is no change in either amplitudes or
frequencies of mIPSCs recorded from BLA neurons between GF and SPF (Figure 4C and D).
We have now included this data in the revised manuscript (Pg 7 and 8).

Q12. Direct evidence, such as microbiota abundance and diversity analysis, is necessary to
confirm the restoration of the gut microbiota community in CONV mice.

Fecal microbiota transplantation (FMT), the transplantation of a donor gut microbiota
community into a recipient mouse, is a well-accepted and reliable experimental tool in the



field of microbiome research. In this study, we performed FMT using feces from donor SPF
mice into recipient GF mice. Although we did not perform microbiota profiling for this set of
mice, our group has performed FMT and confirmed the restoration of the donor microbiota
community in recipient mice in previous studies (Kundu et al. 2019). We have also shown
that the conventionalization of mice, similar to what we have done in this study,
normalizes/restores several parameters such as metabolite profiles, behavior, and gene
expression in GF mice similar to that of regular SPF mice (Lahiri et al. 2019).

Q13. In the method section (page 17), the authors mention a control group for CONV mice,
but no experimental data from this group is presented. Additionally, the SPF group is
missing in Figure 4.

We agree with the reviewer and have revised the manuscript accordingly (page 17). We did
not include the SPF group because there was no difference in behavior after fecal
transplantation.

Q14. There is a significant discrepancy in the average time GF mice spent in the open
arms of the EZM between Figure 1B (about 10s) and Figure 4B (close to 40s), which is
similar to the level of SPF mice in Figure 1B. The authors should explain this substantial
variation.

We thank the reviewer for pointing out our error. We have corrected the value and replaced it
with a new figure and quantification (Figure 4B in the revised manuscript).

Q15. There is no direct evidence linking indole to gut microbiota metabolites. To establish
this connection, intestinal metabolome analysis of SPF and GF mice is essential.

We would like to clarify that indole and its derivatives are themselves metabolites of the gut
microbiota. Our gut microbes make indoles by metabolizing dietary tryptophan. Our
eukaryotic cells cannot synthesize them. We have previously shown by LC-MS that key
metabolites of the tryptophan pathway, such as indoleacetic acid, are significantly lower in
GF mice compared to SPF mice (Xing et al. 2024).

Q16. It remains unclear whether 1-EBIO treatment alleviates anxiety behaviors in GF
mice.

Rau et al. reported using a rodent model of chronic early-life stress that induces a robust and
persistent increase in anxiety-like behaviors (Rau et al. 2015). They found a similar
mechanism, noting an increase in intrinsic excitability of BLA pyramidal cells due to
decreased expression of SK channels. Rau et al. also performed bath application of a positive
SK channel modulator, 1-EBIO, which normalized firing rates in ex vivo recordings. In
addition, in vivo infusion of 1-EBIO into the BLA reduced anxiety-like behaviors.

Q17. Figure 5D-I lacks a dose-effect curve for indole treatment.

We have previously optimized the dosage of indoles both in vitro and in vivo and
demonstrated effects on adult neurogenesis (Wei et al. 2021). We have used the same dose in
subsequent projects with indoles, including this study. In addition, our IACUC committee
emphasizes reducing the number of mice used in experiments unless there is a strong
justification for increasing the number.



Q18. Since indole can cross the blood-brain barrier, oral administration of indole may not
necessarily affect anxiety-related behaviors through BLA neurons. Direct injection of
indole into the BLA would provide stronger evidence.

Since indoles have been shown to cross the BBB (Pappolla et al. 2021), our approach shows
that orally ingested indole affects anxiety by acting on the BLA by crossing the BBB. This is
further demonstrated by blocking SK2 channels using electrophysiology. Also from a
therapeutic point of view, oral consumption of indoles in the form of fortified diets or
supplements or probiotics would be more practical. Therefore, it is important to show the
effect of systemic indole on the BLA rather than direct injection into the BLA. In addition,
we have previously shown that orally ingested indole is able to cross the BBB and activate its
ligand, the aryl hydrocarbon receptor, in the brain (hippocampus) and promote target gene
expression in vivo (Wei et al. 2021). In addition, others have shown correlations between the
lack of indole metabolites in GF mice and behavioral outcomes such as impaired fear
extinction learning (Chu et al. 2019).

Q19. The manuscript requires thorough editing and polishing.
We have revised the manuscript according to the reviewer's comments by extensive editing
and polishing.

Referee #3

Reviewer #3 considered our manuscript as “a novel finding” that “strengthens a causal
link between microbiota and anxiety-like behavior as well as identifies potentially
important microbial metabolites involved in this process.” We thank the reviewer for
highlighting the significance and impact of our study, and have worked to addressed the
comments to further strengthen our manuscript.

020. Why was sex-related influence not studied ?
Please see Q1 in the first reviewer.

021. Why do the authors feel that colonization only partially reverse anxiety like behaviour,
particulatly given its impact on the amygdala?

In our new batch of GF animals, we found that indole treatment reversed anxiety behavior
much more robustly than in the previous batch (Figure SA-F in a revised manuscript). In
addition, the downstream pathway for behavioral response to amygdala effects may require
other microbes/metabolites in addition to indole. Therefore, responses may be variable in
indole-treated GF mice.

Q22 Please explain why the electrophyiological experiments performed in the presence
of CNQX, and picrotoxin.

Please see Q11 in the second reviewer.

023. The authors speculate that these interesting findings might provide insight into
anxiety like disorders. However, for practical reasons the study is conducted in the context
of early life exposure to microbes and their products, whereas anxiety illness usually occur
later in life. this needs to be acknowledged.



We agree with the reviewer that anxiety disorders are usually associated with later life.
However, anxiety is present/felt at any stage of life without being considered a
disorder/illness. Furthermore, we hypothesize that the susceptibility to increased anxiety even
at an early age, and its development into a full-blown disorder, later on, is closely related to
the levels of certain microbiota/metabolites such as tryptophan-metabolizing bacteria/indoles.
We have added the following sentences to acknowledge this, as suggested by the reviewer.
(Pg 14, paragraph 2, Discussion section): "While anxiety disorders usually occur later in life,
an anxious state can be experienced at any stage of life without being considered a
disorder/illness. Based on our data, we hypothesize that susceptibility to increased anxiety
even at an early age and its development into a full-scale disorder later are closely linked to
the levels of certain microbiota including tryptophan-metabolizing bacteria/metabolites such
as indoles."

024. Do the authors feel that increases in dietary tryptophan may have a role in treating
anxiety disorders.

High levels of anxiety have been associated with inadequate dietary tryptophan, and
conversely, a tryptophan diet has been shown to reduce anxiety (Aucoin et al. 2021).
However, these studies are limited and have been associated with side effects (Seltzer et al.
1982). The efficacy of dietary tryptophan in reducing anxiety appears to depend on the
effective processing or metabolism of tryptophan in the gut (Ohland et al. 2016).
Alternatively, we suggest that fortification with tryptophan-metabolizing/indole-producing
bacteria (probiotics) or indole-enriched foods may be a more beneficial option - to
circumvent any negative effects of tryptophan diets and for those with dietary restrictions
(vegan/vegetarian, nut allergies) that limit intake of dietary tryptophan.

We have added the following sentences discussing this point in the Discussion section (Pg 17,
concluding section): "We propose that future studies including use of indole-fortified foods
and or supplementation of indole-producing/tryptophan metabolizing bacteria should be
considered as alternative therapeutic strategies for anxiety-related disorders even though
tryptophan-based diets have given mixed results (59-61). This paper consolidates the
evolutionary interconnection between microbes, nutrition, and cognition, and the need to
always include the microbiota in our attempts to understand eating disorders and anxiety
linked disorders."
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1st Revision - Editorial Decision 11th Nov 2024

11th Nov 2024
Dear Sven,

Thank you for submitting your revised manuscript to EMBO Molecular Medicine. We have now received the enclosed report from
the three referees who re-assessed your work. As you will see, the referees are now supportive, and | am pleased to inform you
that we will be able to accept your manuscript pending the following amendments:

1. Please move Data availability section to the end of 'Methods' section.
2. Please reduce the keyword number to five.

3. Funding information : Please ensure 'National Neuroscience Institute, Singapore and UK Dementia Group' are included in the
online submission system.

4. Please remove the "Authors' contribution” section from the manuscript file.
5. The current "synopsis" section should be renamed to "the paper explained".

6. Please rename "conflict of interest” to " Disclosure statement and competing interests" and add "Sven Pettersson is an
editorial advisory board member of EMBO Molecular Medicine".

7. The references need to be formatted according to the EMBO Molecular Medicine reference style:

- Please list up to 10 co-authors of a paper before adding et al. to the reference list.
- Citations should be listed in alphabetical order.
- Please remove DOI for published papers.

8. We recently started to require all Materials and Methods to be presented in the main text using our 'Structured Methods'
format. According to this format, the Methods section includes a 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, ideally using a step-by-step protocol format. The aim is to facilitate adoption of the
methodologies across labs.

Please download and fill our Reagents and Tools Table template (.docx), which you can find in our author guidelines:
https://www.embopress.org/page/journal/17574684/authorguide#structuredmethods

When submitting your revised manuscript, please do not include the Reagents and Tools Table in the Methods section of the
manuscript but upload it as a separate file (.docx) choosing the file type "Reagent Table". The Reagents and Tools Table can be
downloaded from our author guidelines (https://www.embopress.org/page/journal/17574684/authorguide#structuredmethods)

9. Please provide a 'Synopsis' to further enhance discoverability. Synopses are displayed on the journal webpage and are freely
accessible to all readers. They include a short stand first (maximum of 300 characters, including space) as well as 2-5 one-
sentences bullet points that summarizes the paper. Please write the bullet points to summarize the key NEW findings. They
should be designed to be complementary to the abstract - i.e. not repeat the same text. We encourage inclusion of key
acronyms and quantitative information (maximum of 30 words / bullet point). Please use the passive voice. Please attach these
in a separate file or send them by email, we will incorporate them accordingly.

Please also provide a visual abstract to illustrate your article as a PNG file 550 px wide x 300-800 px high.

10. Appendix: please correct the nomenclature to "Appendix Table S1" and "Appendix Figure S1" etc. throughout the appendix
file. Move the legends underneath the corresponding figure, if possible.

11. Figure legends:
- Please note that the exact p values are not provided in the legends of figures 1a-c, i; 2f; 3d; 4a-b, d-e, i; 5a-f, i.
- Please note that information related to n is missing in the legend of figure 1i.

I look forward to reading a new revised version of your manuscript as soon as possible.

Kind regards,
Jingyi



Jingyi Hou
Editor
EMBO Molecular Medicine

*** Instructions to submit your revised manuscript ***

*** PLEASE NOTE *** As part of the EMBO Publications transparent editorial process initiative (see our Editorial at
https://www.embopress.org/doi/pdf/10.1002/emmm.201000094), EMBO Molecular Medicine will publish online a Review
Process File to accompany accepted manuscripts.

In the event of acceptance, this file will be published in conjunction with your paper and will include the anonymous referee
reports, your point-by-point response and all pertinent correspondence relating to the manuscript. If you do NOT want this file to
be published, please inform the editorial office at contact@embomolmed.org.

When submitting your revised manuscript, please include:

1) a .docx formatted version of the manuscript text (including Figure legends and tables)
2) Separate figure files*

3) supplemental information as Expanded View and/or Appendix. Please carefully check the authors guidelines for formatting
Expanded view and Appendix figures and tables at
https://www.embopress.org/page/journal/17574684/authorguide#expandedview

4) a letter INCLUDING the reviewer's reports and your detailed responses to their comments (as Word
file).

5) The paper explained: EMBO Molecular Medicine articles are accompanied by a summary of the articles to emphasize the
major findings in the paper and their medical implications for the non-specialist reader. Please provide a draft summary of your
article highlighting

- the medical issue you are addressing,

- the results obtained and

- their clinical impact.

This may be edited to ensure that readers understand the significance and context of the research.

Please refer to any of our published articles for an example.

6) Author contributions: the contribution of every author must be detailed in a separate section.

7) EMBO Molecular Medicine now requires a complete author checklist
(https://www.embopress.org/page/journal/17574684/authorguide) to be submitted with all revised manuscripts. Please use the
checklist as guideline for the sort of information we need WITHIN the manuscript. The checklist should only be filled with page
numbers were the information can be found. This is particularly important for animal reporting, antibody dilutions (missing) and
exact values and n that should be indicted instead of a range.

8) Every published paper now includes a 'Synopsis' to further enhance discoverability. Synopses are displayed on the journal
webpage and are freely accessible to all readers. They include a short stand first (maximum of 300 characters, including space)
as well as 2-5 one sentence bullet points that summarise the paper. Please write the bullet points to summarise the key NEW
findings. They should be designed to be complementary to the abstract - i.e. not repeat the same text. We encourage inclusion
of key acronyms and quantitative information (maximum of 30 words / bullet point). Please use the passive voice. Please attach
these in a separate file or send them by email, we will incorporate them accordingly.

You are also welcome to suggest a striking image or visual abstract to illustrate your article. If you do please provide a jpeg file
550 px-wide x 300-600px high.

9) A Conflict of Interest statement should be provided in the main text



10) Please note that we now mandate that all corresponding authors list an ORCID digital identifier. This takes <90 seconds to
complete. We encourage all authors to supply an ORCID identifier, which will be linked to their name for unambiguous name
identification.

Currently, our records indicate that the ORCID for your account is 0000-0001-8903-3738.

Please click the link below to modify this ORCID:
Link Not Available

11) Include a Reagents and Tools Table as part of the Methods section, which can be downloaded from our author guidelines
(https://www.embopress.org/page/journal/17574684/authorguide#structuredmethods)

*Additional important information regarding Figures

Each figure should be given in a separate file and should have the following resolution:

Graphs 800-1,200 DPI

Photos 400-800 DPI

Colour (only CMYK) 300-400 DPI"

Figures are not edited by the production team. All lettering should be the same size and style; figure panels should be indicated
by capital letters (A, B, C etc). Gridlines are not allowed except for log plots. Figures should be numbered in the order of their
appearance in the text with Arabic numerals. Each Figure must have a separate legend and a caption is needed for each panel.
*Additional important information regarding figures and illustrations can be found at

https://bit.ly/EMBOPressFigurePreparationGuideline. See also figure legend preparation guidelines:
https://www.embopress.org/page/journal/17574684/authorguide#figureformat

*kkkk

***** Reviewer's comments
Referee #1 (Remarks for Author):

| believe the majority of my concerns have been addressed in the revised manuscript. It would have been better if they had
included data from female mice at the beginning.

Referee #2 (Comments on Novelty/Model System for Author):

The study conducted by Yu et al. and co-authors reported that C57BL/6J GF mice exhibited elevated BLA neuron activities and
anxiety-associated behaviors, and these observed phenomenons may been attributed to the lack of living gut microbiota.
Although several major concerns existed initially, the authors have addressed these concerns adequately, and the revised
manuscript is suitable for publication on EMBO Molecular Medicine.

Referee #2 (Remarks for Author):

All concerns have been addressed.

Referee #3 (Remarks for Author):

| have reviewed the manuscript and the authors response to all three reviewers. | am satisfied that the manuscript is now
acceptable for publication.



2nd Authors' Response to Reviewers 18th Nov 2024

All editorial and formatting issues were resolved by the authors.



2nd Revision - Editorial Decision 18th Nov 2024

18th Nov 2024
Dear Sven,

| am pleased to inform you that your manuscript is accepted for publication and is now being sent to our publisher to be included
in the next available issue of EMBO Molecular Medicine. Thank you for your thorough response to the referee's comments. It
has been a pleasure working with you to bring the paper to the acceptance stage.

Your manuscript will be processed for publication by EMBO Press. It will be copy edited and you will receive page proofs prior to
publication. Please note that you will be contacted by Springer Nature Author Services to complete licensing and payment
information.

You may qualify for financial assistance for your publication charges - either via a Springer Nature fully open access agreement
or an EMBO initiative. Check your eligibility: https://www.embopress.org/page/journal/17574684/authorguide#chargesguide

Should you be planning a Press Release on your article, please get in contact with embo_production@springernature.com as
early as possible in order to coordinate publication and release dates.

If you have any questions, please do not hesitate to contact the Editorial Office. Thank you for your contribution to EMBO
Molecular Medicine.

Kind regards,
Jingyi

Jingyi Hou
Editor
EMBO Molecular Medicine

>>> Please note that it is EMBO Molecular Medicine policy for the transcript of the editorial process (containing referee reports
and your response letter) to be published as an online supplement to each paper. If you do NOT want this, you will need to
inform the Editorial Office via email immediately. More information is available here: https://www.embopress.org/transparent-
process#Review_Process
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In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

In the figure legends: state number of times the experiment was replicated
in laboratory.

Yes

figure legends

In the figure legends: define whether data describe technical or biological
replicates.

Yes

figure legends

Ethics

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Studies involving human participants: State details of authority granting
ethics approval (IRB or equivalent committee(s), provide reference
number for approval.

Studies involving human participants: Include a statement confirming that
informed consent was obtained from all subjects and that the experiments
conformed to the principles set out in the WMA Declaration of Helsinki and

the Department of Health and Human Services Belmont Report.

Studies involving human participants: For publication of patient photos,
include a statement confirming that consent to publish was obtained.

Studies involving experimental animals: State details of authority
granting ethics approval (IRB or equivalent committee(s), provide
reference number for approval. Include a statement of compliance with
ethical regulations.

Materials and Methods

Studies involving specimen and field samples: State if relevant permits
obtained, provide details of authority approving study; if none were
required, explain why.

Dual Use Research of Concern (DURC)

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Could your study fall under dual use research restrictions? Please check

biosecurity documents and list of select agents and toxins (CDC):
https://www. Tt ist.htm

If you used a select agent, is the security level of the lab appropriate and
reported in the manuscript?

If a study is subject to dual use research of concern regulations, is the
name of the authority granting approval and reference number for the
regulatory approval provided in the manuscript?

Reporting

requiring specific guidelines and recommendations to complement MDAR.

The MDAR framework recommends adoption of discipline-specific guidelines, established and endorsed through community initiatives. Journals have their own policy about

A to

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

State if relevant guidelines or checklists (e.g., ICMJE, MIBBI, ARRIVE,
PRISMA) have been followed or provided.

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

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

Data Availability

Data availability

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Have primary datasets been deposited according to the journal's
guidelines (see 'Data Deposition' section) and the respective accession
numbers provided in the Data Availability Section?

‘Were human clinical and genomic datasets deposited in a public access-|
controlled repository in accordance to ethical obligations to the patients and
to the applicable consent agreement?

Are computational models that are central and integral to a study
available without restrictions in a machine-readable form? Were the
relevant accession numbers or links provided?

If publicly available data were reused, provide the respective data citations
in the reference list.






