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1st Editorial Decision 7th Oct 2024

Dear Dr. Jacobsen,

Thank you for the submission of your manuscript to EMBO reports. | have now received the reports from the three referees that
were asked to evaluate your study, which can be found at the end of this email.

As you will see, the referees find the study very interesting. Nevertheless, they have several comments, concerns, and
suggestions, indicating that a major revision of the manuscript is necessary to allow publication of the study in EMBO reports.
As the reports are below, and all the concerns need to be addressed, | will not detail them further here.

Given the constructive referee comments, | would like to invite you to revise your manuscript with the understanding that the
concerns of the referees must be addressed in the revised manuscript and in a detailed point-by-point response. Acceptance of
your manuscript will depend on a positive outcome of a second round of review. It is EMBO reports policy to allow a single round
of revision only and acceptance of the manuscript will therefore depend on the completeness of your responses included in the
next, final version of the manuscript.

Revised manuscripts should be submitted within three months of a request for revision. Please contact me to discuss the
revision (also by video chat) if you have questions or comments regarding the revision, or should you need additional time.

When submitting your revised manuscript, please also carefully review the instructions that follow below.

PLEASE NOTE THAT upon resubmission revised manuscripts are subjected to an initial quality control prior to exposition to re-
review. Upon failure in the initial quality control, the manuscripts are sent back to the authors, which may lead to delays.
Frequent reasons for such a failure are the lack of the data availability section (please see below) and the presence of statistics
based on n=2 (the authors are then asked to present scatter plots or provide more data points).

When submitting your revised manuscript, we will require:

1) a .docx formatted version of the final manuscript text (including legends for main figures, EV figures and tables), but without
the figures included. Figure legends should be compiled at the end of the manuscript text.

2) individual production quality figure files as .eps, .tif, .jpg (one file per figure), of main figures and EV figures. Please upload
these as separate, individual files upon re-submission.

The Expanded View format, which will be displayed in the main HTML of the paper in a collapsible format, has replaced the
Supplementary information. You can submit up to 5 images as Expanded View. Please follow the nomenclature Figure EV1,
Figure EV2 etc. The figure legend for these should be included in the main manuscript document file in a section called
Expanded View Figure Legends after the main Figure Legends section. Additional Supplementary material should be supplied
as a single pdf file labeled Appendix. The Appendix should have page numbers and needs to include a table of content on the
first page (with page numbers) and legends for all content. Please follow the nomenclature Appendix Figure Sx, Appendix Table
Sx etc. throughout the text, and also label the figures and tables according to this nomenclature.

For more details, please refer to our guide to authors:
http://www.embopress.org/page/journal/14693178/authorguide#manuscriptpreparation

Please consult our guide for figure preparation:
http://wol-prod-cdn.literatumonline.com/pb-assets/embo-site/EMBOPress_Figure_Guidelines_061115-1561436025777 .pdf

See also the guidelines for figure legend preparation:
https://www.embopress.org/page/journal/14693178/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/14693178/authorguide). Please insert page numbers in the checklist to indicate where
the requested information can be found in the manuscript. The completed author checklist will also be part of the RPF.

Please also follow our guidelines for the use of living organisms, and the respective reporting guidelines:
http://www.embopress.org/page/journal/14693178/authorguide#livingorganisms

5) that primary datasets produced in this study (e.g. RNA-seq, ChlP-seq, structural and array data) are deposited in an



appropriate public database. If no primary datasets have been deposited, please also state this in a dedicated section (e.g. 'No
primary datasets have been generated and deposited'’), see below.

See also: http://embor.embopress.org/authorguide#datadeposition
Please remember to provide a reviewer password if the datasets are not yet public.

The accession numbers and database should be listed in a formal "Data Availability" section that follows the model below. This
is now mandatory (like the COI statement). Please note that the Data Availability Section is restricted to new primary data that

are part of this study. This section is mandatory. As indicated above, if no primary datasets have been deposited, please state

this in this section

# Data availability
The datasets 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])

*** Note - All links should resolve to a page where the data can be accessed. ***
Moreover, | have these editorial requests:

6) We now request the publication of original source data with the aim of making primary data more accessible and transparent
to the reader. 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.

7) 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: http://www.embopress.org/page/journal/14693178/authorguide#referencesformat

8) Regarding data quantification and statistics, please make sure that the number "n" for how many independent experiments
were performed, their nature (biological versus technical replicates), the bars and error bars (e.g. SEM, SD) and the test used to
calculate p-values is indicated in the respective figure legends (also for EV and Appendix figures). Please also check that all the
p-values are explained in the legend, and that these fit to those shown in the figure. Please provide statistical testing where
applicable. Please avoid the phrase 'independent experiment', but clearly state if these were biological or technical replicates.
Please also indicate (e.g. with n.s.) if testing was performed, but the differences are not significant. In case n=2, please show
the data as separate datapoints without error bars and statistics. See also:
http://www.embopress.org/page/journal/14693178/authorguide#statisticalanalysis

If n<5, please show single datapoints for diagrams.

9) Please add scale bars of similar style and thickness to microscopic images, using clearly visible black or white bars
(depending on the background). Please place these in the lower right corner of the images themselves. Please do not write on
or near the bars in the image but define the size in the respective figure legend.

10) Please also note our reference format:
http://www.embopress.org/page/journal/14693178/authorguide#referencesformat

11) We updated our journal's competing interests policy in January 2022 and request authors to consider both actual and
perceived competing interests. Please review the policy https://www.embopress.org/competing-interests and update your
competing interests if necessary. Please hame this section 'Disclosure and Competing Interests Statement' and put it after the
Acknowledgements section.

12) We now use CRediT to specify the contributions of each author in the journal submission system. CRediT replaces the
author contribution section. Please use the free text box to provide more detailed descriptions and do NOT provide your final
manuscript text file with an author contributions section. See also our guide to authors:
https://www.embopress.org/page/journal/14693178/authorguide#authorshipguidelines

13) All Materials and Methods need to be described in the main text using our 'Structured Methods' format, which is required for



all research articles. According to this format, the Methods section should include a Reagents and Tools Table (listing key
reagents, experimental models, software, and relevant equipment and including their sources and relevant identifiers), uploaded
as separate file, followed by a Methods section in which we encourage the authors to describe their methods using a step-by-
step protocol format with bullet points, to facilitate the adoption of the methodologies across labs. More information on how to
adhere to this format as well as downloadable templates (.doc) for the Reagents and Tools Table can be found in our author
guidelines (section 'Structured Methods"):

https://www.embopress.org/page/journal/14693178/authorguide#manuscriptpreparation

14) Please add up to 5 keywords to the manuscript and order the manuscript sections like this, using these names:

Title page - Abstract - Keywords - Introduction - Results - Discussion - Methods - Data availability section - Acknowledgements
(including funding information) - Disclosure and Competing Interests Statement - References - Figure legends - Expanded View
Figure legends

15) Please make sure that all the funding information is also entered into the online submission system and that it is complete
and similar to the one in the acknowledgement section of the manuscript text file.

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

As part of the EMBO publication's Transparent Editorial Process, EMBO reports publishes online a Review Process File (RPF)
to accompany accepted manuscripts. This File will be published in conjunction with your paper and will include the referee
reports, your point-by-point response and all pertinent correspondence relating to the manuscript.

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

I look forward to seeing a revised form of your manuscript when it is ready.
Yours sincerely,

Achim Breiling
Senior Editor
EMBO Reports

Referee #1:

The presented study by investigates a secreted A. fumigatus protein with antibacterial properties. The team determined
endopeptidase activity and named the protein cwhA. The enzyme cleaves peptidoglycan of Gram-positive bacteria at specific
residues within the peptidoglycan stem peptide. CwhA is abundant during experimental aspergillosis and expression can be
induced by live bacteria.

The manuscript is very well written and data are presented adequately and in a compelling manner. The discovery of the first
fungal wall-lysing antibacterial endopeptidase is of general importance to understand virulence mechanisms of A. fumigatus.
The presented finding could inspire novel bactericidal medication against multi-resistant Gram-positive pathogens.

Major comments:

The data presentation is exceptionally clear. | only have one issue. In Figure 5A, the authors attempt to demonstrate under
which conditions cwhA is expressed and they use epithelial cells as potential stimulant for cwhA expression. They speculate that
"Increased expression of cwhA could only be observed at a late stage of infection, which may be attributable to a response to
factors released from damaged host cells, or be merely the result of nutritional starvation.”

A) The authors could test whether cwhA expression coincides with the damage / cell death of cocultured epithelial cells to make
their point clearer.

B) In Fig. 5B they show that exposure to bacteria is a sufficient inducing stimulus for cwhA expression. At first glance both
findings seem a bit counterintuitive which should be clarified. In light of findings which show that bacterial supernatants are not
sufficient to induce cwhA expression, it seems plausible that PAMPs and DAMPs could be a responsible trigger. In the case of
PAMPs they might not be released by bacteria and hence cannot be found in the culture supernatant. The authors could test



whether contrarily, filtered supernatants from damaged host cells would be sufficient to trigger cwhA expression.

C) Furthermore, later in the text the authors exclude mere starvation of A. fumigatus as an inducing condition for cwhA
contradicting their speculation cited above. Since the authors do not offer any data to back the speculation and later themselves
allude to the speculations disproval they should remove the speculation entirely.

Minor comments:

-Figure 1, figure legend
In the legend, authors should state of how many repetitions the representative images were chosen.

-Figure 3, figure legend
The authors mentioned that several means stem from two repetitions only. In that case, the error bars should be removed at
those particular graphs or time points.

- Figure legends in general, when data from only two independent experiments were used to generate a mean value, no
statistical test or error bars can be applied.

-Materials and Methods

LC-MS analysis of cleavage products

In the sentence "from Waters with a guard column on an Agilent 1290 and a G42220 Bin Pump,baryp running in UHPLC mode
with a maximum pressure limit of 1200 bar" there seems to be an error

Referee #2:

The authors present an interesting and relevant study that addresses an antimicrobial activity secreted by Aspergillus fumigatus,
an opportunistic fungal pathogen that commonly thrives in decaying organic material where it is part of a competitive
microbiome. In order to sustain in such a challenging ecological niche, fungi have evolved numerous natural products that serve
as bioactive compounds to support competitiveness. Secreted peptides or proteins with antimicrobial activities of fungal origin
have only been characterized to a limited extent, and the study by Machata et al. adds valuable insights in this respect, albeit
falling short in elucidating the role of CwhA in the corresponding context, that is inter-microbial competition and colonisation
resistance. Especially the latter aspect appears to be of utmost relevance when studying an antibacterial activity of an
opportunistic fungal pathogen; yet, shedding light on this may be beyond the scope of this piece of work that takes first and
fundamental steps in characterising the cwhA gene and its product on several levels.

Besides this general remark, there are several issues that might be addressed in a revised version of the manuscript, which are
as follows:

The Title is exaggerating and actually misleading, as immune modulation is an indirect effect resulting from CwhA chewing up
bacterial peptidoglycans: It is the breakdown products that might be sensed by immune cells to result in altered cytokine levels
and not the endopeptidase per se to have an effect. This aspect is more plausibly addressed in the Abstract, the final half-
sentence of which reads somehow incorrect.

When elaborating on secondary metabolites of A. fumigatus being relevant for infection, a more comprehensive review on the
topic might be cited as well (and not only two compounds that are at the center of attention for the authors). Afusins of A.
fumigatus are secreted during conidiation and their activity might actually be restricted against Gram-positives. Albeit the initial
identification of CwhA as BOYAYO0 had been described before, it might be worth spending some more pieces of background
information before listing the novel insights of this study.

In the Results part, most of the experimental approaches and corresponding lines of reasoning appear as valid and reasonable.
Yet, a deeper analysis of transcriptomic data collections could have been performed to maybe gain a clue about the
environmental factors that trigger CwhA expression (as the presented pieces of data are rather puzzling). The extensive
analyses on substrate specificity and cleavage patterns contribute to the study's validity, while the section on immunomodulation
reads rather ambiguous by postulating in vivo effects based on NOD2 but then remaining at the in vitro level without addressing
the presumed role of this intracellular PRR. The Discussion presents several interesting and relevant lines of reasoning but
omits aspects related to the pulmonary microbiome, inter-microbial competition, and, consequently, colonisation resistance.
Considering the mentioned defensins of fungal origin, the authors might revise the final statement that "CwhA is the first
secreted antibacterial protein identified in A. fumigatus.”

The Methods section reads detailed and comprehensive with only minor ambiguities, such as the use of recombinant CwhA for
peptide mass correlation in the process of IMS detection of this very protein, amplification of the CwhA coding sequence that is
interrupted by one intron from genomic DNA, or the description of PBMC stimulation that is interwoven with the protocol for



digest supernatants preparation.
The reference of Kale et al. (2017) Sci. Rep. that had been cited in the preliminary study appears to be missing here.

In essence, a comprehensive multi-level characterisation of an anti-microbial activity secreted by an opportunistic fungal
pathogen is presented that opens new avenues for further investigation of inter-microbial competition and fungal virulence and
that definitively merits publication.

Referee #3:

This manuscript from Jacobsen and colleagues identifies a novel, secreted fungal endopeptidase (CwhA) that is capable of
cleaving bacterial peptidoglycan (PG). The authors nicely characterised that CwhA can cleave PG ultimately being able to lead
to bacterial lysis. Moreover, they provide robust proteomic data to support its expression in the IPA lung near the fungal lesion.
However, other claims are only weakly supported by the provided data. Moreover, there are a number of typographical errors
and missing or mislabel figure panels.

1) Figure panels 3B and 3C are mislabeled in the text.

2) In Figure 3, BSA should be used as a non-specific protein control in panels A, B, and C as well.

3) Figure 4 - Why is there no decrease of the cwhA-null mutant? Does a a phenotype get pulled out in a competitive assay?
These data suggest CwhA is sufficient for the bacterial killing but might not be necessary.

4) The text says 20% O2 for normoxia but the figure says 21%, please make sure they are congruent with one another.

5) Figure 5 - Host cell data, which is claimed in the text to be 5B, is not found in the manuscript.

6) Figure 6 - These data are overstated. For Figure 6A, how can the authors say there was no damage to amoeba when at 26h
the cell counts are down? Also, are cell counts the best measure of amoeba health? Figure 6B only goes to a 25 ug/ml dose on
mammalian cells but up to 200 ug/ml was used in the bacterial killing assays in Figure 3. From Figure 6C the authors state that
CwhA had a stimulatory impact on fungal growth but there are no statistics to base that statement on.

7) Figure 8 - The figure legend lacks what statistical test was used on the data. Also, the text says IL-1alpha was measured but
the figure says IL-1beta, please make sure they are congruent with one another

8) Figure 8 - PG is also a TLR2 agonist, why was PG alone not sufficient drive inflammatory cytokine expression. Also, they
authors need to demonstrate that NOD2 is essential for sensing the PG treated with CwhA, there is no evidence to support the
claim that NOD2 is involved.



1st Authors' Response to Reviewers 21st Mar 2025

We thank the reviewers and Editor for the thorough reading of our manuscript and the
constructive comments. We have carefully addressed all points as follows:

Referee #1:

The presented study by investigates a secreted A. fumigatus protein with antibacterial
properties. The team determined endopeptidase activity and named the protein cwhA. The
enzyme cleaves peptidoglycan of Gram-positive bacteria at specific residues within the
peptidoglycan stem peptide. CwhA is abundant during experimental aspergillosis and expression
can be induced by live bacteria.

The manuscript is very well written and data are presented adequately and in a compelling
manner. The discovery of the first fungal wall-lysing antibacterial endopeptidase is of general
importance to understand virulence mechanisms of A. fumigatus. The presented finding could
inspire novel bactericidal medication against multi-resistant Gram-positive pathogens.

Major comments:

The data presentation is exceptionally clear. I only have one issue. In Figure 5A, the authors
attempt to demonstrate under which conditions cwhA is expressed and they use epithelial cells
as potential stimulant for cwhA expression. They speculate that "Increased expression of cwhA
could only be observed at a late stage of infection, which may be attributable to a response to
factors released from damaged host cells, or be merely the result of nutritional starvation."

A) The authors could test whether cwhA expression coincides with the damage / cell death of
cocultured epithelial cells to make their point clearer.

We quantified LDH release of infected cells over time, and observed a clear increase at late time
points. This data is included in the revised manuscript as Supplementary Figure 3.

B) In Fig. 5B they show that exposure to bacteria is a sufficient inducing stimulus for cwhA
expression. At first glance both findings seem a bit counterintuitive which should be clarified.
In light of findings which show that

bacterial supernatants are not sufficient to induce cwhA expression, it seems plausible that
PAMPs and DAMPs could be a responsible trigger. In the case of PAMPs they might not be
released by bacteria and hence cannot be found in the culture supernatant. The authors could
test whether contrarily, filtered supernatants from damaged host cells would be sufficient to
trigger cwhA expression.

We thank the reviewer for this suggestion and have analyzed cwhA expression of mycelia
exposed to filtered supernatants of uninfected A549 cells, supernatants of A549 cells infected
with A. fumigatus, cell culture media supplemented with lysed A549 cells or H,O (H>O control),
or supernatants of uninfected A549 cells with lysed A549 cells (new Fig. 5B in the revised
manuscript). Only supernatant from infected cells led to an increase in cwhA expression. This
excludes DAMPs that are present within intact cells (constitutive DAMPs, eg DNA) as the trigger
for upregulation of cwhA. It is, however, possible that other DAMPs that are upregulated in or
expressed only by damaged cells (inducible DAMPs) play a role. We have included this in the
revised discussion.

C) Furthermore, later in the text the authors exclude mere starvation of A. fumigatus as an
inducing condition for cwhA contradicting their speculation cited above. Since the authors do
not offer any data to back the speculation and later themselves allude to the speculations
disproval they should remove the speculation entirely.

Based on the new experiments with supernatants and host cell lysates, we think that it is
unlikely that nutritional starvation is a relevant signal for cwhA expression. We have removed
the respective parts from the manuscript.



Minor comments:

-Figure 1, figure legend

In the legend, authors should state of how many repetitions the representative images were
chosen.

We analyzed two sections each of five lungs. This information was added to the figure legend.

-Figure 3, figure legend

The authors mentioned that several means stem from two repetitions only. In that case, the
error bars should be removed at those particular graphs or time points.

We fully agree that it would not be appropriate to indicate SEM or SD for experiments that were
only repeated twice. However, as stated in the figure legend, in the relevant graphs in Figure 3
(A, D), which are based on two experiments each, the “error” bars indicated the range. For
more clarity, we decided to show only one out of the two experiments in Figure 3A and D,
respectively, in the revised manuscript and included the data of the second experiment
(demonstrating reproducibility) as Supplementary Figure 1B and 2C.

- Figure legends in general, when data from only two independent experiments were used to
generate a mean value, no statistical test or error bars can be applied.

We fully agree. As mentioned above, in graphs depicting results from only two experiments, we
used bars to indicate the range, and stated that clearly in the figure legend. As this might be
overlooked, we agree that for improved clarity it is better to remove the “error” bars, and have
done this for all affected figures (Figure 3A, D; 5D; 6B, D). No statistical tests were applied to
these data sets in the original manuscript.

-Materials and Methods
LC-MS analysis of cleavage products

In the sentence "from Waters with a guard column on an Agilent 1290 and a G42220 Bin
Pump,baryp running in UHPLC mode with a maximum pressure limit of 1200 bar" there seems
to be an error

Thank you for pointing out this mistake. We have corrected the sentence as follows.
“Muropeptide separation was performed with a Waters ACQUITY UHPLC column (CSH C18 1.7
Mm, 2.1x150 mm) on an Agilent 1290 and a G42220 Binary Pump running in UHPLC mode with
a maximum pressure limit of 1200 bar.”

Referee #2:

The authors present an interesting and relevant study that addresses an antimicrobial activity
secreted by Aspergillus fumigatus, an opportunistic fungal pathogen that commonly thrives in
decaying organic material where it is part of a competitive microbiome. In order to sustain in
such a challenging ecological niche, fungi have evolved numerous natural products that serve
as bioactive compounds to support competitiveness. Secreted peptides or proteins with
antimicrobial activities of fungal origin have only been characterized to a limited extent, and
the study by Machata et al. adds valuable insights in this respect, albeit falling short in
elucidating the role of CwhA in the corresponding context, that is inter-microbial competition
and colonisation resistance. Especially the latter aspect appears to be of utmost relevance when
studying an antibacterial activity of an opportunistic fungal pathogen; yet, shedding light on
this may be beyond the scope of this piece of work that takes first and fundamental steps in
characterising the cwhA gene and its product on several levels. Besides this general remark,



there are several issues that might be addressed in a revised version of the manuscript, which
are as follows:

The Title is exaggerating and actually misleading, as immune modulation is an indirect effect
resulting from CwhA chewing up bacterial peptidoglycans: It is the breakdown products that
might be sensed by immune cells to result in altered cytokine levels and not the endopeptidase
per se to have an effect. This aspect is more plausibly addressed in the Abstract, the final half-
sentence of which reads somehow incorrect.

We have changed the title to the following: “Identification of a fungal antibacterial
endopeptidase that cleaves peptidoglycan”.

When elaborating on secondary metabolites of A. fumigatus being relevant for infection, a more
comprehensive review on the topic might be cited as well (and not only two compounds that
are at the center of attention for the authors). Afusins of A. fumigatus are secreted during
conidiation and their activity might actually be restricted against Gram-positives.

We have changed the relevant part in the introduction as follows to highlight that several
secondary metabolites with antibacterial activities have been identified, and have included
additional references: “Conversely, a recent microbiome analysis suggests that A. fumigatus
colonization shapes the lung microbiome (Mirhakkak et al, 2023). This likely involves A.
fumigatus secondary metabolites, several of which have been shown to be antibacterial and
whose production is affected by interactions with bacteria (Boysen et al, 2021; Krespach et al,
2023; Margalit et al, 2022; Netzker et al., 2018; Stroe et al, 2020). One example for a
secondary metabolite with antibacterial activity is gliotoxin, which inhibits P. aeruginosa in co-
culture experiments (Reece et al, 2018). Another is fumigermin that inhibits germination of
bacterial spores (Stroe et al., 2020). Moreover, defensin-like peptides called afusins are
produced during A. fumigatus conidiation and mediate protection of conidia against bacteria
(DUumig et al, 2021).”

Albeit the initial identification of CwhA as BOYAYO had been described before, it might be worth
spending some more pieces of background information before listing the novel insights of this
study.

We included more information on why we decided to further study BOYAYO in the beginning of
the results section. We specifically highlight that the main rationale for further studying BOYAYO
was its high expression in vivo and the possibility that it would function as a bacterial cell wall
hydrolase.

In the Results part, most of the experimental approaches and corresponding lines of reasoning
appear as valid and reasonable. Yet, a deeper analysis of transcriptomic data collections could
have been performed to maybe gain a clue about the environmental factors that trigger CwhA
expression (as the presented pieces of data are rather puzzling).

We have added all information on BOYAYO expression we could find by searching published
transcriptomic data for a mention of the respective gene to the beginning of the revised Results
section.

The extensive analyses on substrate specificity and cleavage patterns contribute to the study's
validity, while the section on immunomodulation reads rather ambiguous by postulating in vivo
effects based on NOD2 but then remaining at the in vitro level without addressing the presumed
role of this intracellular PRR.

Unfortunately, we could not obtain NOD2 ko mice within a reasonable time frame (the line is
currently not actively bred at Jackson Laboratories, and we found no active breeding colony in
our state), and thus, could not experimentally test the role of CwhA-mediated PG digestion and
NOD?2 for the host response in vivo. While we’ll try to follow up on this in the future, this seems
out of scope for this manuscript, and, consequently, we have changed the manuscript text to
reflect that sensing by NOD2 is speculative and requires further investigations.



The Discussion presents several interesting and relevant lines of reasoning but omits aspects
related to the pulmonary microbiome, inter-microbial competition, and, consequently,
colonisation resistance.

We thank the reviewer for this suggestion and have extended the relevant part of the
discussion.

Considering the mentioned defensins of fungal origin, the authors might revise the final
statement that "CwhA is the first secreted antibacterial protein identified in A. fumigatus."

To our knowledge, CwhA is the first actual protein with antibacterial properties produced by A.
fumigatus, but it is obviously not the only antibacterial factor. To clarify this, we have extended
the sentence as follows: “In summary, CwhA is the first secreted antibacterial protein identified
in A. fumigatus, complementing other fungal antibacterial factors such as secondary
metabolites and defensins.”

The Methods section reads detailed and comprehensive with only minor ambiguities, such as
the use of recombinant CwhA for peptide mass correlation in the process of IMS detection of
this very protein, amplification of the CwhA coding sequence that is interrupted by one intron
from genomic DNA, or the description of PBMC stimulation that is interwoven with the protocol
for digest supernatants preparation.

We have revised the methods section as follows:

1. The original sentence was potentially misleading; the recombinant protein served as a control
for peptides being generated by the tryptic digest (in addition to in silico predicted peptides).
The sentence was changed accordingly.

2. The primer used for gene amplification were designed to amplify the gene excluding the
signal peptide, and thus binds after the intron. We have added this information to the Methods
section for clarity.

3. The protocol for digest supernatants preparation was moved to a separate paragraph
following the protocol on PBMC stimulation.

The reference of Kale et al. (2017) Sci. Rep. that had been cited in the preliminary study appears
to be missing here.

We reference Kale et al. at the revised beginning of the results part in the first paragraph, in
which we summarize what is known about CwhA based on previous publications.

Referee #3:

This manuscript from Jacobsen and colleagues identifies a novel, secreted fungal endopeptidase
(CwhA) that is capable of cleaving bacterial peptidoglycan (PG). The authors nicely
characterised that CwhA can cleave PG ultimately being able to lead to bacterial lysis. Moreover,
they provide robust proteomic data to support its expression in the IPA lung near the fungal
lesion. However, other claims are only weakly supported by the provided data. Moreover, there
are a number of typographical errors and missing or mislabel figure panels.

1) Figure panels 3B and 3C are mislabeled in the text.

The mislabeling occurred in the figure, we have corrected this.



2) In Figure 3, BSA should be used as a non-specific protein control in panels A, B, and C as
well.

The thank the reviewer for this suggestion. We have measured the effect of BSA (200 pg/ml)
on S. aureus OD in Tris buffer for three different strains and found no difference to the PBS
control. The new data is presented as Supplementary Figure 2A.

3) Figure 4 - Why is there no decrease of the cwhA-null mutant? Does a a phenotype get pulled
out in a competitive assay? These data suggest CwhA is sufficient for the bacterial killing but
might not be necessary.

As shown in Fig. 4B, the wildtype does not produce detectable amounts of CwhA under the
culture conditions used. This is consistent with gene expression data showing that CwhA is not
expressed in vitro — contrary to the in vivo condition. Consistent with this, co-incubation of S.
aureus with A. fumigatus wildtype did not lead to a decrease in S. aureus CFU (Figure 4C). In
the absence of production by the wildtype, one would not expect the gene deletion to have an
effect.

4) The text says 20% 02 for normoxia but the figure says 21%, please make sure they are
congruent with one another.

We have changed the text to 21% O, to make this consistent with the figure.

5) Figure 5 - Host cell data, which is claimed in the text to be 5B, is not found in the manuscript.

The text should refer to Figure 5A, which shows expression data during infection of host cells.
The text has been changed accordingly. Please note that the subsequent parts of Figure 5 where
likewise mis-referred, and that this has also been corrected.

6) Figure 6 - These data are overstated. For Figure 6A, how can the authors say there was no
damage to amoeba when at 26h the cell counts are down? Also, are cell counts the best
measure of amoeba health?

Figure 6B only goes to a 25 ug/ml dose on mammalian cells but up to 200 ug/ml was used in
the bacterial killing assays in Figure 3. From Figure 6C the authors state that CwhA had a
stimulatory impact on fungal growth but there are no statistics to base that statement on.

Amoeba:

A lower number of amoeba was indeed observed after 26 h in the presence of 130 ug/ml CwhA
compared to the control - as clearly stated in the original manuscript. It should, however, be
noted that amoeba cell numbers increased over 10fold from 1.5 h to 26 h in the presence of
CwhA. While cell counts do not necessarily reflect the number of viable cells, a 10fold increase
in cell numbers can only be explained by active proliferation. Thus, there was substantial growth
of amoeba in the presence of CwhA, which argues against an overt toxic effect. We have revised
this section of the results to clarify these findings and our interpretation. Of note, for S. aureus
substantial killing was observed within 2 h with 100 pg/ml and less, based not only on CFU but
also OD (Figure 1).

Mammalian cells:

For technical reasons, we were limited in the volume that could be applied to the mammalian
cells, and thus were not able to test higher doses of CwhA. However, we’d like to point out that
doses as low as 16 ug/ml had a clear effect on S. aureus within less than 2 h (Fig. 1A, D),
whereas no effect was observed for mammalian cells treated for 24 h with 25 pg/ml CwhA.

A. fumigatus planktonic growth (Fig. 6C):

Quantification of A. fumigatus biomass in planktonic cultures is not trivial, since OD
measurements and CFU counts are not reliable for mycelial growth. Theoretically, one could
determine the dry weight of cultures. However, we think that the visual impression of cultures
depicted in Figure 6C clearly demonstrates better growth of A. fumigatus in the presence of



CwhA compared to the PBS control. In addition, quantification of biofilm formation (Fig. 6D)
supports the notion that CwhA has no negative impact on fungal growth. We do agree that
comparison to BSA is difficult and have re-written the text accordingly.

To avoid overstating any of the results, we have changed the paragraph heading of this results
part to “"Recombinant CwhA causes no overt damage to amoeba, host cells, and fungal cells”.

7) Figure 8 - The figure legend lacks what statistical test was used on the data

Also, the text says IL-lalpha was measured but the figure says IL-1beta, please make sure
they are congruent with one another

The data was analyzed by pairwise comparison using the Wilcoxon matched-pairs signed rank
test, this is mentioned in the figure legend of the revised manuscript.

We measured IL-1B and have corrected the mistake in the manuscript text.

8) Figure 8 - PG is also a TLR2 agonist, why was PG alone not sufficient drive inflammatory
cytokine expression.

Although peptidoglycan was described as an TLR2 ligand in early studies, subsequent
investigations questioned this, see Wolf and Underhill, Nature Rev Immunol 2018, for a
comprehensive review on peptidoglycan recognition
(https://www.nature.com/articles/nri.2017.136). In brief, co-purified cell wall lipoproteins and
lipoteichoic acids were likely responsible for the activation effect of peptidoglycan preparations
in early studies. Later studies provided evidence that muramyl tripeptides and muramyl
tetrapeptides interact with TLR2 but crosslinked (intact) peptidoglycan does not. Furthermore,
for S. aureus specifically it has been shown that peptidoglycan polymers do not stimulate human
TLR2 (https://pubmed.ncbi.nlm.nih.gov/20522786/) Thus, the absence of direct stimulation by
polymeric S. aureus peptidoglycan is not surprising. We have included this information in the
results part of the revised manuscript.

Also, they authors need to demonstrate that NOD?2 is essential for sensing the PG treated with
CwhA, there is no evidence to support the claim that NOD2 is involved.

Unfortunately, we could not obtain NOD2 ko mice within a reasonable time frame (the line is
currently not actively bred at Jackson Laboratories, and we found no active breeding colony in
our state), and attempts to knock down NOD2 in primary cells were unsuccessful (the
methodology is not established in our lab). Thus, we could not experimentally test the
hypothesis within a reasonable time frame. While we’ll try to follow up on this in the future, this
seems out of scope for this manuscript, and, consequently, we have changed the manuscript
text to reflect that sensing by NOD?2 is speculative and requires further investigations.


https://www.nature.com/articles/nri.2017.136

1st Revision - Editorial Decision 30th Apr 2025

Dear Prof. Jacobsen,

Thank you for the submission of your revised manuscript to our editorial offices. | have now received the reports from the three
referees that were asked to re-evaluate the study, you will find below. As you will see, the referees now fully support its
publication in EMBO reports.

Before we can proceed with formal acceptance, | have these editorial requests | ask you to address in a final revised manuscript:
- Please mark the corresponding author on the title page and provide an e-mail contact.

- Please make sure that all figure panels or tables (main, EV and Appendix figures) are called out separately and sequentially.
Presently, there are no separate callouts for panels 8A and 8B. Please check.

- Please change the name of Appendix Figure S1 in its legend (there it is still titled as Supplementary Figure 1).

- We do not allow additional text in the Appendix. Please move the 'Appendix text' (Appendix: General features of peptidoglycan)
to the main manuscript text file, where you feel best fit (Introduction, Methods?). Moreover, please move all the related
references from the Appendix to the main reference section.

- Please check again that the number "n" for how many independent experiments were performed, their nature (biological
versus technical replicates), the bars and error bars (e.g. SEM, SD) and the test used to calculate p-values is indicated in the
respective figure legends. Please also check that all the p-values are explained in the legend, and that these fit to those shown
in the figure. Please provide statistical testing where applicable. Please avoid the phrase 'independent experiment', but clearly
state if these were biological or technical replicates. Please also indicate (e.g. with n.s.) if testing was performed, but the
differences are not significant. In case n=2, please show the data as separate datapoints without error bars and statistics. See
also:

http://www.embopress.org/page/journal/14693178/authorguide#statisticalanalysis

If n<5, please show single datapoints for diagrams. It seems presently many diagrams are missing the 'n.s.’. Moreover:

- Please note that the exact p values are not provided in the legend of figure 5B.

- Please indicate what */ **/ ***/ **** represents; if this represents p value(s), please specify the exact p value in the legend(s) of
figure(s) 8A, B.

- Please note that information related to n is missing in the legend of figure 5A

- Please note that the error bars are not defined in the legend of figure 5A.

- Please provide legends for the two movies. Each legend should be provided as a readme.ixt file and then each movie should
be uploaded together with its legend as a ZIP folder - Movie EV1 and Movie EV2.

- Please add to each legend (main and EV figures, where applicable) a 'Data Information' section (or name the provided section
like this) explaining the statistics used or providing information regarding replicates and scales. See:

https://www.embopress.org/page/journal/14693178/authorguide#figureformat

- The Data Availability Section (DAS) is restricted to information regarding large primary datasets deposited at external
databases. Thus, please remove the sentence 'Strains used in this study and the hybridoma cell line used to produce
monoclonal antibodies are available upon request.’ from the DAS. However, please add information on externally deposited
datasets or source data here, provide direct links to the deposited datasets and make sure the datasets are public latest upon
online publication of the paper.

- Thank you for providing the requested source data (SD). Please upload this as one folder per main figure (with all files for one
figure in one folder and ZIPed together). It seems source data for Fig. 3 and for Fig. 7B is missing. Please check. The uploaded
SD for the EV figures is fine (keep it as is). Please add links to the DAS for externally deposited SD.

In addition, | would need from you uploaded separately:

- a short, two-sentence summary of the manuscript (not more than 35 words).

- two to four short (1) bullet points highlighting the key findings of your study (two lines each).

- a schematic summary figure as separate file that provides a sketch of the major findings (not a data image) in jpeg or tiff format
(with the exact width of 550 pixels and a height of not more than 400 pixels) that can be used as a visual synopsis on our
website.

I look forward to seeing the final revised version of your manuscript when it is ready. Please let me know if you have questions
regarding the revision.



Best,
Achim Breiling

Senior Editor
EMBO Reports

Referee #1:
All concerns raised have been adequately addressed. No further issues remain.
Referee #2:

The authors have addressed all issues raised by the Reviewers in an adequate and convincing fashion, so it is this reviewer's
opinion that this fine manuscript should be accepted and published in EMBO Reports.

Referee #3:

The manuscript is suitable for publication in EMBO reports without further revisions.



2nd Authors' Response 6th Jun 2025

All editorial and formatting issues were resolved by the authors.



2nd Revision - Editorial Decision 12th Jun 2025

Prof. llse Jacobsen

Leibniz Institute for Natural Product Research and Infection Biology
Research Group Microbial Immunology

Beutenbergstr. 11A

Jena 07745

Germany

Dear Prof. Jacobsen,

| am very pleased to accept your manuscript for publication in the next available issue of EMBO reports. Thank you for your
contribution to our journal.

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/14693178/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
Reports.

Yours sincerely,
Achim Breiling

Senior Editor
EMBO Reports

>>> Please note that it is EMBO Reports 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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transparent reporting in the life sciences (see Statement of Task: 10.31222/osf.io/9sm4x). Please follow the journal's guidelines in preparing your
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Abridged guidelines for figures

1. Data

The data shown in figures should satisfy the following conditions:
— the data were obtained and processed according to the field’s best practice and are presented to reflect the results of the experiments in an

accurate and unbiased manner.
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— ideally, figure panels should include only measurements that are directly comparable to each other and obtained with the same assay.
— plots include clearly labeled error bars for independent experiments and sample sizes. Unless justified, error bars should not be shown for technical
— if n<5, the individual data points from each experiment should be plotted. Any statistical test employed should be justified.

— Source Data should be included to report the data underlying figures according to the guidelines set out in the authorship guidelines on Data

2. Captions
Each figure caption should contain the following information, for each panel where they are relevant:
— a specification of the experimental system investigated (eg cell line, species name).
— the assay(s) and method(s) used to carry out the reported observations and measurements.

— an explicit mention of the biological and chemical entity(ies) that are being measured.

— an explicit mention of the biological and chemical entity(ies) that are altered/varied/perturbed in a controlled manner.
— the exact sample size (n) for each experimental group/condition, given as a number, not a range;
— a description of the sample collection allowing the reader to understand whether the samples represent technical or biological replicates (including

how many animals, litters, cultures, etc.).

— a statement of how many times the experiment shown was independently replicated in the laboratory.

—

definitions of statistical methods and measures:

- common tests, such as t-test (please specify whether paired vs. unpaired), simple x2 tests, Wilcoxon and Mann-Whitney tests, can be
unambiguously identified by name only, but more complex techniques should be described in the methods section;

- are tests one-sided or two-sided?
- are there adjustments for multiple comparisons?

- exact statistical test results, e.g., P values = x but not P values < x;

- definition of ‘center values’ as median or average,;
- definition of error bars as s.d. or s.e.m.

Please complete ALL of the questions below.
Select "Not Applicable™ only when the requested information is not relevant for your study.

Materials

Newly Created Materials

Information included in
the manuscript?

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

New materials and reagents need to be available; do any restrictions
apply?

Yes

Reagents and Tools Table, Data Availability Section

Antibodies

Information included in
the manuscript?

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

For antibodies provide the following information:

- Commercial antibodies: RRID (if possible) or supplier name, catalogue
number and or/clone number

- Non-commercial: RRID or citation

Yes

Reagents and Tools Table

DNA and RNA sequences

Information included in
the manuscript?

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

Short novel DNA or RNA including primers, probes: provide the
sequences.

Yes

Appendix Table S5

Cell materials

Information included in
the manuscript?

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

Cell lines: Provide species information, strain. Provide accession number

in repository OR supplier name, catalog number, clone number, and/OR Yes Reagents and Tools Table

RRID.

Primary cultures: Provide species, strain, sex of origin, genetic i

modification status. Yes Reagents and Tools Table; Methods, page 28 f.
Report if the cell lines were recently authenticated (e.g., by STR profiling) Yes Methods, page 26

and tested for mycoplasma contamination.

Experimental animals

Information included in
the manuscript?

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

Laboratory animals or Model organisms: Provide species, strain, sex,
age, genetic modification status. Provide accession number in repository
OR supplier name, catalog number, clone number, OR RRID.

Samples from a previous study were used; the study is cited in the
Methods.

Animal observed in or captured from the field: Provide species, sex,
and age where possible.

Please detail housing and husbandry conditions.

Plants and microbes

Information included in
the manuscript?

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

Plants: provide species and strain, ecotype and cultivar where relevant,
unique accession number if available, and source (including location for
collected wild specimens).

Microbes: provide species and strain, unique accession number if
available, and source.

Yes

Reagents and Tools Table; Appendix Table S4

Human research participants

Information included in
the manuscript?

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

If collected and within the bounds of privacy constraints report on age, sex
and gender or ethnicity for all study participants.

Core facilities

Information included in
the manuscript?

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

If your work benefited from core facilities, was their service mentioned in
the acknowledgments section?

Design
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Ethics

Study protocol

Information included in
the manuscript?

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

If study protocol has been pre-registered, provide DOI in the
manuscript. For clinical trials, provide the trial registration number OR cite
DOl.

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

Laboratory protocol

Information included in
the manuscript?

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

Provide DOI OR other citation details if external detailed step-by-step
protocols are available.

Experimental study design and statistics

Information included in
the manuscript?

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

Include a statement about sample size estimate even if no statistical
methods were used.

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

Include a statement about blinding even if no blinding was done.

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

If sample or data points were omitted from analysis, report if this was due
to attrition or intentional exclusion and provide justification.

For every figure, are statistical tests justified as appropriate? Do the data
meet the assumptions of the tests (e.g., normal distribution)? Describe any
methods used to assess it. Is there an estimate of variation within each
group of data? Is the variance similar between the groups that are being
statistically compared?

Yes

Methods, page 30; Figure legends

Sample definition and in-laboratory replication

Information included in
the manuscript?

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

Only biological replicates were used; this is indicated in the figure legends
as "independent experiments".

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.

Yes

Samples from a previous study were used; the study is referenced in the
Structured Methods, and the granting authority and permit number are
stated in the referenced paper.

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.selectagents.gov/sat/list.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

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

requiring specific guidelines and recommendations to complement MDAR.

Adherence to community standards

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.
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