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1st Editorial Decision 27th Jan 2021

Dear Prof. Rothbauer,

Thank you for the submission of your research manuscript to EMBO reports. We 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 think that these findings are of interest. However, 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 their
points need to be addressed, | will not detail them here.

Given the constructive referee comments, we would like to invite you to revise your manuscript with
the understanding that all referee concerns must be addressed in the revised manuscript or in the
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. We are
aware that many laboratories cannot function at full efficiency during the current COVID-19/SARS-
CoV-2 pandemic and we have therefore extended our 'scooping protection policy' to cover the
period required for full revision. Please contact me to discuss the revision should you need
additional time, and also if you see a paper with related content published elsewhere.

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. Please make sure that changes are highlighted
to be clearly visible. 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 HT ML 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/iwww.embopress.org/page/journal/14693178/authorguide#manuscript preparation

See also our guide for figure preparation:
http//wol-prod-cdn.literatumonline.com/pb-assets/embo-
site/EMBOPress_Figure _Guidelines_061115-1561436025777 pdf

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, ChIP-seq, structural and array data)
are deposited in an appropriate public database. If no primary datasets have been deposited,
please also state this in the respective 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
(placed after Materials & Methods) that follows the model below. This is now mandatory (like the
COl statement). Please note that the Data Availability Section is restricted to new primary data
that are part of this study.

# Data availability

The datasets produced in this study are available in the following databases:

- RNA-Seq data: Gene Expression Omnibus GSE4684 3
(https/www.ncbinlm.nih.gov/geo/query/acc.cgi?acc=GSE4684 3)

- [data type]: [name of the resource] [accession number/identifier/doi] ((URL or

identifiers.org/DAT ABASE:ACCESSION])

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

Moreover, | have these editorial requests:



6) We strongly encourage the publication of original source data with the aim of making primary
data more accessible and transparent to the reader. The source data will be published in a
separate source data file online along with the accepted manuscript and will be linked to the
relevant figure. If you would like to use this opportunity, please submit the source data (for example
scans of entire gels or blots, data points of graphs in an excel sheet, additional images, etc.) of your
key experiments together with the revised manuscript. If you want to provide source data, please
include size markers for scans of entire gels, label the scans with figure and panel number, and send
one PDF file per figure.

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/iwww.embopress.org/page/journal/14693178/authorguide#referencesformat

8) Regarding data quantification and statistics, can you please specify, where applicable, the
number "n" for how many independent experiments (biological replicates) were performed, the bars
and error bars (e.g. SEM, SD) and the test used to calculate p-values in the respective figure
legends. Please provide statistical testing where applicable, and also add a paragraph detailing this
to the methods section. See:
http/iwww.embopress.org/page/journal/14693178/authorguide#statisticalanalysis

9) Please also note our new reference format:
http/iwww.embopress.org/page/journal/14693178/authorguide#referencesformat

10) Please add a conflict-of-interest statement to the manuscript (below the acknowledgements).

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

Yours sincerely

Achim Breiling
Editor
EMBO Reports

Referee #1:

In this manuscript by Wagner et al,, the authors used a phage display library prepared from an
immunized alpaca to identify nanobodies that target the receptor-binding domain (RBD) of SARS-
CoV-2. 11 distinct nanobody sequences were identified and characterized by biophysical and
SARS-CoV-2 neutralization assays. HDX MS was employed to map RBD epitopes revealing
potentially different Nb binding sites. The authors determined a crystal structure of a nanobody
NM1230 in complex with the RBD and found that partially overlap with the ACE2 binding sites. In



addition, they developed a bivalent construct by fusing two lead nanobodies that bind non-
overlapping epitopes on the receptor-binding motif (RBM). The fusion construct has improved
binding affinity and activity.

Based on the hetero-bivalent construct, the authors further expanded the study by developing a
competitive assay to characterize serologic activity from COVID convalescent plasma samples.
They provided data to imply that this nanobody construct can be used to differentiate COVID
positive samples from seronegative controls, potentially providing specificity to neutralizing
antibodies that bind specific RBD epitopes that overlap where the two nanobodies interact.

While the lead construct is not among the most potent RBD nanobodies developed to date, this
study is comprehensive and provides useful information that adds to the expanding repertoire of
COVID nanobodies. Generally, the paper is well written and clear (perhaps less so on the
NeutrobodyPlex part). | do have the following concerns that need to be addressed.

Major:

Data transparency: failure to provide X-ray crystal structure information, HDX MS data, and
nanobody sequences in the current manuscript have impeded a more comprehensive evaluation of
the paper.

I have been struggling to appreciate the novelty of the NeutrobodyPlex assay and its applicability.
Would the authors better elaborate on the conceptual advantage(s) of using a single bivalent
nanobody v.s. RBD neutralizing IgGs? There are at least 4 or five different high-affinity neutralizing
epitopes that have been identified for monoclonal IgGs and can be used to comprehensively
evaluate neutralizing epitopes information in patient sera. If the assay is developed for point-of-
care and facilitates diagnosis, then it would be useful to compare with other related methods (PCR,
CRISPR/Cas9, or RBD ELISA assay). Usually, for detection assay, one might want to show specificity
(false positive and false negative), quantification linearity, and sensitivity.

NM1220 seems to bind a distinct epitope from ACE2 binding sites, where does it bind based on
HDX?

NM1228 binds RBD strongly (1.37nM) with an epitope that appears to significantly overlap with
ACE2. Why did not the authors use this nanobody to design the bivalent form(e.g., presumably
replacing more neutralizing IgGs)? Does NM1228 overlap with the critical ACE2 helicase for RBD
binding?

Specificity: based on the structure, it seems that NM1230 uses many framework residues for RBD
binding. Would the specificity of nanobodies be a concern here since frameworks are highly
conserved and less specific?

It's not clear what's the fraction of Spike IgGs can bind to the RBD (Fig 8). The authors should show
the normalized MFI on the x-axis.

Line 249-250: discrepancy between RBD and spike binding and a claim on Fig 6b that most serum
lgGs do not bind the RBD: ACE2 site. Monomeric hanobodies, without IgG-like avidity, may not be
able to compete with antibodies for binding of the spike trimer.

Figure S6: data are a bit lousy without proper titrations. For some nanobodies, the IC50s were
determined baked primarily on one data point and therefore can't be accurately measured.

Minor:
1.1t appears that NM1228 represents one of the most potent nanobodies, which was not used for



bioengineering (and X-ray crystallography).

2. Figure 6, can you show the error bar for Figure 6b and 6¢?

3. Literature: please expand the published literature on COVID nanobodies that are directly related
to the manuscript (there might be more):

Xiang, Y., Nambulli, S., Xiao, Z., Liu, H., Sang, Z., Duprex, W.P., Schneidman-Duhovny, D., Zhang, C.,
and Shi, Y. (2020). Versatile and multivalent nanobodies efficiently neutralize SARS-CoV-2. Science
370,1479-1484.

Schoof, M., Faust, B., Saunders, RA., Sangwan, S., Rezelj, V., Hoppe, N., Boone, M,, Billesbolle, CB.,
Puchades, C.,Azumaya, C.M,, et al. (2020). An ultrapotent synthetic nanobody neutralizes SARS-
CoV-2 by stabilizing inactive Spike. Science 370,1473-1479.

Wrapp, D., De Vlieger, D., Corbett, K.S,, Torres, G.M., Wang, N., Van Breedam, W., Roose, K., van
Schie, L., Team, V.-C.C.-R,, Hoffmann, M., et al. (2020). Structural Basis for Potent Neutralization of
Betacoronaviruses by Single-Domain Camelid Antibodies. Cell 181,1436-1441.

4.The GS linker information seems missing.

5. Line 249-250: discrepancy between RBD and spike binding and a claim on Fig 6b that most
serum IgGs do not bind the RBD: ACEZ2 site. Monomeric nanobodies, without IgG-like avidity, may
not be able to compete with antibodies for binding of the spike trimer.

Referee #2:

This is an interesting paper, well structured, and novel. The generation of Nanobodies on itself is
not novel, nor their characterisation (affinity, epitope binning, neutralisation) and heterodimer
production is fairly standard, the authors are translating their affinity reagents towards a multiplex
application for screening sera for presence of neutralising antibodies

The report is rather long, but it is difficult to shorten without removing essential information.
In short the paper is suitable for publication in EMBO Reports.

There are only a few minor, minor remarks for the expert judgment of the authors. It is up to them to
accept and amend or leave it as it is:

1. They abbreviate their hetero-bivalent Nb as bivNb. While heterodimer Nb is a good description of
the construct, normally if two Nbs targeting a different epitope on the same antigen, it is referred to
as biparatopic Nb. With 'bivalent Nb', the therm they use regularly for their construct, normally refers
to the (tandem) homodimer Nb. (e.g. line 100-101)

2.Line 64:"and the current lack of a cure or established vaccine comes with severe lockdowns.."
This statement was most likely correct at the time of submission. However, recently, several
vaccine have been approved in US, UK, EU and many other countries. Soplease rephrase so that
the statement becomes timeless.

3.Line 177:the amino acid numbering of Nb is probably the Kabat numbering, please mention this.



4. Line 242-245: The NeutrobodyPlex approach is briefly explained, however, the use of PE labelled
streptavidin or anti-human IgG-PE conjugate is missing. Please add this essential component,
otherwise the strategy doesn't make sense. (it is found in M&M) .

Please mention in M&M that the anti human IgG is a polyclonal goat antibody (this might be
important as a minor fraction might also react the VH (like Nbs).

5.The sentence on line 351-353 is confusing. What do they mean exactly by 'Fc regions of non-
specifically binding IgGs."? is this the Fc of the patient IgG?

6. The sentence on line 353-356: It is evident that by changing to another immobilised RBD mutant,
it is possible to investigate whether the patient possess Abs against a particular variant. However,
normally we don't know which collection of variants are infecting a victim. So this approach is less
relevant, unless it changes dramatically to a new variant throughout the country/nation (like we
nearly have in UK). What is more worrying is whether their biparatopic Nb would still bind to there
contagious N501Y variant emerging in UK. The authors should not perform extra experiments,
however, they could speculate in a singel sentence (around line 356)

7. The lower part of figure 2a could be removed if they CDR3 sequences would be grouped
according to their length and AA sequence.

8. In the top panel of figure 2a, the Amino acid upstream of W in FR4 actually belongs to the CDR3
or H3 loop.

9. Line 685: Kon and Koff, the kinetic rate binding, dissociation constants (on or off rates) are written
with small 'k’. Capital KD is for equilibrium dissociation constant.

Referee #3:

In this paper, the consortium selected multiple nanobodies from an alpaca immunized with the RBD
of the Spike protein. They used in vitro binding assays, epitope mapping, and structural analysis and
identified 8 binders, which are able to block the interaction of the Spike protein with ACE2. The
design of hetero-bivalent nanobody constructs, targeting different epitopes, significantly improved
binding affinities and neutralization efficiencies. Based on these binders, the authors developed a
competition assay to screen for neutralizing immune response in infected and vaccinated
individuals.

Overall, the experiments were performed properly, the data are well analyzed and interesting, but
there are a few major points that need to be addressed or commented on:

1) I'm aware that it is hard to keep up with the speed of similar nanobody/antibody manuscripts
being published at the moment, but one should try to keep the reference list up to date. Some
studies which are referenced as bioRxiv articles in this article are already published and should be
cited correctly (e.g. PMID: 33154 106). Furthermore, there are additional studies that are available in
bioRxiv (e.g. doi: https://doi.org/10.1101/2020.11.10.376822, ...) and not referenced here or even
published articles (e.g.. PMID: 33149112), which are not cited.

2.) Figure 4 is hard to read and for a non-expert difficult to understand.



3.) have some conceptual questions/concerns concerning the NeutrobodyPlex assay. To my
understanding, this assay is based on the replacement of antibodies (IgGs) by NM1267 from mainly
immobilized RBD. Due to the trimeric nature of the RBD in the full-length context (and its different
conformations), | believe the Spike protein should be used here because affinities of IgGs might be
quite different to RBD or the Spike protein, leading to a misinterpretation of the results.

- Question to Figure 6b: Is it not possible that serum IgGs binds much tighter to Spike (multiple
RBDs in close proximity) than NM1267 and therefore the nanobody cannot replace them? T his
would also challenge the statement that the "majority of serum IgGs bind this large antigen at
epitopes beyond the RBD:ACE2 interaction site".

- How can you conclude from the data Fig.6b that the tested individuals "comprise" a substantial
fraction of neutralizing IgGs? Does competition with NM1267 automatically mean that they are
neutralizing?

Iwould recommend rerunning the assay by using well-characterized IgGs (known efficient
neutralizers with characterized overlapping ACE2 binding epitopes and affinities) on RBD and the
Spike protein in the presence of different concentrations of NM1267. Here one would expect that
NM1267 is able to replace the IgG from the Spike protein. If this can be shown the assay with all its
data would be more convincing.

4 ) for the discussion part: How do the selected binders compare to other published nanobody
studies (in terms of sequence and binding mode; are they very similar or different?)

5.) What would be the next step of relevance to make use of the study?

Additional comments:

- Abstract line 60: avoid the wording "easily"

- Why was the hetero-bivalent fusion produced in human cells and not E. coli?
- error bars and error estimated are missing for a number of measurements.



1st Authors' Response to Reviewers 3rd Mar 2021

Point-by-point response to the Reviewers’ Comments
Submission ID: EMBOR-2020-52325V1
MS TITLE: NeutrobodyPlex - Nanobodies to monitor a SARS-CoV-2 neutralizing immune

response

We thank all Reviewers for their detailed evaluation of our manuscript and we are pleased by
the positive responses of the Reviewers mentioning “... this study is comprehensive and
provides useful information that adds to the expanding repertoire of COVID nanobodies.
Generally, the paper is well written and clear.” (Reviewer 1); “This is an interesting paper,
well structured, and novel. ... The report is rather long, but it is difficult to shorten without
removing essential information...In short, the paper is suitable for publication in EMBO
Reports” (Reviewer 2); “Overall, the experiments were performed properly, the data are well

analyzed and interesting” (Reviewer 3)

We are very grateful for their detailed comments, questions, and suggestions, which help us
to present our results in a clearer and more comprehensive fashion. By including new data
from additional experiments, we are confident that our revised manuscript now addresses the

issues raised by the Reviewers.



Reviewer 1

Major concern:

Data transparency: failure to provide X-ray crystal structure information, HDX MS data, and
nanobody sequences in the current manuscript have impeded a more comprehensive
evaluation of the paper.

We thank the reviewer for this comment. In the revised manuscript we included the
requested information (X-ray crystal structure data of both RBD:Nanobody complexes, HDX
MS data and full nanobody sequences), which now can be found either in the main
manuscript or as supplementary information in the Appendix. Structure factors and
coordinates for both complexes were deposited to the Protein Data Bank and will be
available upon release of the manuscript. A validation report of both X-ray structures can be
hand in upon request. In addition, we can provide further figures elucidating the quality of
electron density, but we cannot hand out coordinates or structure factors prior acceptance of
the manuscript.

PDB code for RBD:NM1226 complex: 7NKT

PDB code for RBD:NM1230 complex: 7B27

HDX MS data: Appendix

Amino acid sequences of all nanobodies: Appendix Table S1

| have been struggling to appreciate the novelty of the NeutrobodyPlex assay and its
applicability. Would the authors better elaborate on the conceptual advantage(s) of using a
single bivalent nanobody v.s. RBD neutralizing IgGs? There are at least 4 or five different
high-affinity neutralizing epitopes that have been identified for monoclonal IgGs and can be
used to comprehensively evaluate neutralizing epitopes information in patient sera.

We thank the reviewer for this comment. According to the proposed NeutrobodyPlex
approach, we demonstrate the use of the high-affinity, biparatopic Nb NM1267 targeting two
different epitopes within the RBD as an antibody surrogate, which efficiently can displace
RBD specific IgGs present in the serum sample of convalescent individuals. We agree that

2



previously described neutralizing RBD-binding IgGs (e.g. REGN10933, REGN10987, S309,
LY-CoV555, AZD1061 or CTP-59) might be also functional probes to displace unknown
RBD-binding IgGs in serum samples. However, as they comprise an Fc part which is needed
for detection by a secondary anti-human antibody to monitor changes in IgG binding in the
NeutrobodyPlex, such IgGs needs to be reformatted (e.g. into Fab or scFv) and thus are not

suitable in their original format for the read out applied in the NeutrobodyPlex.

If the assay is developed for point-of-care and facilitates diagnosis, then it would be useful to
compare with other related methods (PCR, CRISPR/Cas9, or RBD ELISA assay). Usually,
for detection assay, one might want to show specificity (false positive and false negative),
guantification linearity, and sensitivity.

In this manuscript, we present the scientific basis and technical potential of the
NeutrobodyPlex to monitor the presence of SARS-CoV-2 neutralizing 1gGs in serum
samples. Detailed information regarding the specificity and sensitivity of the multiplex binding
assay for detecting SARS-CoV-2 binding IgGs in comparison to other serological assays are
described in our recent publication on the MULTICOV-Ab (Becker et al, 2021). In comparison
to current serological assays which are used to determine the overall occurrence of SARS-
CoV-2 specific antibodies (Tang et al, 2020), the NeutrobodyPlex which classifies IgGs as
“neutralizing” based on their potential binding to the RBD:ACE2 interface is not aimed to be
applied for point-of-care diagnostics but provide helpful information on the presence of such
neutralizing IgGs.

We agree with the reviewer that more data and detailed information are needed before the
NeutrobodyPlex can be applied more robustly and reliably to predict a neutralizing immune
response. Thus, we have initiated a collaboration with the University Hospital of Tuebingen,
where we currently collect data from large convalescent and vaccinated patient cohorts on

the emergence of neutralizing antibodies by using the NeutrobodyPlex to validate our



findings. We included this topic more comprehensively in the discussion section of the

revised manuscript.

NM1220 seems to bind a distinct epitope from ACE2 binding sites, where does it bind based
on HDX?

We decided to perform the HDX-MS epitope analysis for the most potent Nbs with low Kp
values. Due to the relatively low affinity (Kp ~ 37 nM) of Nb NM1220 we did not include this

particular Nb to HDX-MS analysis.

NM1228 binds RBD strongly (1.37nM) with an epitope that appears to significantly overlap
with ACE2. Why did not the authors use this nanobody to design the bivalent form (e.g.,
presumably replacing more neutralizing IgGs)? Does NM1228 overlap with the critical ACE2
helicase for RBD binding?

We agree that NM1228 is a very promising candidate due to its high affinity. Indeed we
started to generate RBD:NM1228 crystals but unfortunately crystal formation was not
successful. Considering our epitope binning and HDX-MS data, we postulated that NM1228
binds a similar/overlapping epitope as NM1226. For NM1226 we successfully performed
structural analysis, which we now included in the revised manuscript (new Figure 3, new
Figure EV3, Appendix Table S2). Nevertheless, we also continued and generated a
biparatopic construct combining NM1230 and NM1228. Notably, using the multiplex ACE2
competition assay we obtained highly similar 1Csy values compared to the biparatopic
NM1267, thus we decided not to continue with a second biparatopic Nb construct but

focused on NM1267 comprising two Nbs for which we can present detailed structural data.

Specificity: based on the structure, it seems that NM1230 uses many framework residues for
RBD binding. Would the specificity of nanobodies be a concern here since frameworks are

highly conserved and less specific?



In the past, others and we observed that framework regions of nanobodies participate in
antigen binding. For example, one of the most widely used nanobodies, the GFP-Enhancer
showed substantial impact of framework 2 on antigen binding ((Kirchhofer et al, 2010); PDB:
3K1K) which, however, does not affect specificity. Thus, it is highly conceivable that binding
of NM1230 mainly mediated by the elongated interaction between RBD and the CDR3 region
provides the observed specificity. However, we address this point shortly in the

corresponding result section of the revised manuscript.

It's not clear what's the fraction of Spike IgGs can bind to the RBD (Fig 8). The authors
should show the normalized MFI on the x-axis.
We are thankful for this comment and prepared the figure as suggested with a normalized x-

axis of the Spike protein.
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However, in new Figure 7 we wanted to highlight the total IgG level (represented by MFI
Spike or new MFI Nucleocapsid) compared to neutralizing IgGs detected on RBD (best
resolved antigen in the NeutrobodyPlex), therefore we decided not show the normalized MFI
on the x-axis. In addition, the proportion of RBD-binding IgGs from spike-binding IgGs cannot
be calculated directly because the detected MFI signals do not correspond to antibody
amounts. For a broader overview how MFI signals behave upon addition of bipNb, the

following box plot illustration was included in this letter.
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In our opinion, the new Figure 7 represents our results in a more meaningful way.
Nevertheless, the data could also be included in a revised version of the manuscript as

shown here.

Line 249-250: discrepancy between RBD and spike binding and a claim on Fig 6b that most
serum IgGs do not bind the RBD: ACE2 site. Monomeric nanobodies, without IgG-like
avidity, may not be able to compete with antibodies for binding of the spike trimer.

Here we did not use a monomeric Nb but the biparatopic Nb NM1267. However, to address
this question in more detail, we performed additional experiments of the NeutrobodyPlex with
well-characterized IgGs instead of patient serum. We could demonstrate that with increasing
concentrations of the bipNb, the neutralizing IgG clone REGN10933, which is described to
bind to the RBD:ACE?2 interface (Hansen et al, 2020), can be displaced from RBD, but also

from S1 and the homotrimeric spike (new data shown in Appendix Figure S8A, B of the



revised manuscript). Furthermore, for RBD we see a complete depletion of RBD-binding
serum IgGs in the NeutrobodyPlex, from which it can be assumed that the biparatopic Nb
can displace IgGs regardless an increased binding due to 1gG derived avidity.

Considering that the RBD represents only a small fraction (~ 150 amino acid residues) of the
large spike protein (~ 1500 amino acid residues), it can be assumed that even if the trimeric
RBD within the homotrimeric spike protein is completely bound by serum IgGs and the
addition of a high excess of up to 1 uM bipNb displaces all RBD-bound IgGs, this decrease in
signal would not be detectable for the large spike protein. In view of this consideration, we
assume that the 1gG signal detected for spike originates from IgGs binding epitopes outside
the RBD:ACE2 site. In addition, it has been previously shown that the RBD:ACE2 binding
site is not as immunodominant as expected and that much of the spike-binding antibody

targets other portions of the extracellular part of the spike protein (Heffron et al, 2020).

Figure S6: data are a bit lousy without proper titrations. For some nanobodies, the IC50s
were determined baked primarily on one data point and therefore can't be accurately
measured.

We agree that the calculation of the IC50 values obtained for the tested individual Nbs in the
VNTs (now shown in Appendix Figure S2) are not perfect. The IC50-values were obtained
from titrating the nanobodies in a range of five serial dilutions and three biological replicates,
using triplicate infections in each biological replicate. The dilution range was chosen
according to the fact that we expected a breadth of neutralizing response from very high (e.g.
NM1228) to rather low (e.g. NM1224). IC50 calculation was done via a four-parametric
sigmoidal model without ambiguities. We hence do not feel that this data is “a bit lousy”.
Furthermore we like to point out that the VNT was only one of two readouts (multiplex ACE2
competition assay) to determine the neutralization potency of our Nbs, and both assay
systems yielded comparable results allowing us to rank the NBs accordingly and to select

most potent Nb candidates.



Minor:

It appears that NM1228 represents one of the most potent nanobodies, which was not used
for bioengineering (and X-ray crystallography).

We agree that NM1228 is a very promising candidate. Indeed, we started to generate

RBD:Nb crystals using this nanobody but unfortunately this was not successful.

Figure 6, can you show the error bar for Figure 6b and 6¢?

Data shown in Figure 6 (now Figure 5 of the revised manuscript) are derived from single
experiments measuring signals for ~100 individual color-coded microspheres for each
condition and antigen. Optionally, we could include data obtained from a single color coded
microsphere as “technical” replicate. Furthermore, by performing a large set of replicates as
previously shown for the MULTICOV-Ab, which is based on a highly similar assay format, we
obtained standard deviations below 10% (Becker et al., 2021). In line with these findings, we
demonstrated in this study that our assays are stable and repeatable (see new Fig EV1,
standard deviations of maximally 10.1% for the triplicate measurements). Furthermore, for
the NeutrobodyPlex we performed serial dilutions of the bipNb, thus major discrepancies

would have been visible for the individual dilutions.

Literature: please expand the published literature on COVID nanobodies that are directly
related to the manuscript (there might be more):

Xiang, Y., Nambulli, S., Xiao, Z., Liu, H., Sang, Z., Duprex, W.P., Schneidman-Duhovny, D.,
Zhang, C., and Shi, Y. (2020). Versatile and multivalent nanobodies efficiently neutralize

SARS-CoV-2. Science 370, 1479-1484.

Schoof, M., Faust, B., Saunders, R.A., Sangwan, S., Rezelj, V., Hoppe, N., Boone, M.,
Billesbolle, C.B., Puchades, C., Azumaya, C.M., et al. (2020). An ultrapotent synthetic

nanobody neutralizes SARS-CoV-2 by stabilizing inactive Spike. Science 370, 1473-1479.



Wrapp, D., De Vlieger, D., Corbett, K.S., Torres, G.M., Wang, N., Van Breedam, W., Roose,
K., van Schie, L., Team, V.-C.C.-R., Hoffmann, M., et al. (2020). Structural Basis for Potent
Neutralization of Betacoronaviruses by Single-Domain Camelid Antibodies. Cell 181, 1436-

1441.

In the revised manuscript, we updated the references substantially. All references listed here

are now included.

The GS linker information seems missing

It is now included in the revised manuscript (result section, material and methods)



Reviewer 2
The report is rather long, but it is difficult to shorten without removing essential information
We totally agree and tried to present our data as concisely and short as possible in the

revised manuscript.

Minor:

They abbreviate their hetero-bivalent Nb as bivNb. While heterodimer Nb is a good
description of the construct, normally if two Nbs targeting a different epitope on the same
antigen, it is referred to as biparatopic Nb. With 'bivalent Nb', the term they use regularly for
their construct, normally refers to the (tandem) homodimer Nb. (e.g. line 100-101)

We agree and renamed the heterodimer Nb NM1267 now biparatopic (bip) Nb throughout

the revised manuscript.

Line 64: "and the current lack of a cure or established vaccine comes with severe
lockdowns." This statement was most likely correct at the time of submission. However,
recently, several vaccine have been approved in US, UK, EU and many other countries. So,
please rephrase so that the statement becomes timeless.

We updated our wording according to the current situation in the revised manuscript.

Line 177 The amino acid numbering of Nb is probably the Kabat numbering, please mention
this.

We thank the reviewer for this comment. Indeed we have oversaw to number the Nb
sequences accordingly. This is now included in the revised manuscript and properly stated in

the result section.

Line 242-245: The NeutrobodyPlex approach is briefly explained, however, the use of PE
labelled streptavidin or anti-human IgG-PE conjugate is missing. Please add this essential
component, otherwise the strategy doesn't make sense. (it is found in M&M)

10



We included this information in the result section of the revised manuscript

Please mention in M&M that the anti human IgG is a polyclonal goat antibody (this might be
important as a minor fraction might also react the VH (like Nbs). Important info also regarding
X reactivity with neutralizing 1IgGs from human/mouse.

We included this information in the material and methods section of the revised manuscript

The sentence on line 351-353 is confusing. What do they mean exactly by 'Fc regions of
non-specifically binding IgGs.'? is this the Fc of the patient IgG?

We changed our statement in the discussion section of the revised manuscript. Now reading:
Additionally, the usage of small-sized, Nb derived surrogates further lowers the possibility of
a non-targeted and non-reproducible displacement of ACE2 e.g. mediated by steric inhibition

and dimerization effects derived from non-specifically binding IgGs.

The sentence on line 353-356: It is evident that by changing to another immobilised RBD
mutant, it is possible to investigate whether the patient possess Abs against a particular
variant. However, normally we don't know which collection of variants are infecting a victim.
So this approach is less relevant, unless it changes dramatically to a new variant throughout
the country/nation (like we nearly have in UK). What is more worrying is whether their
biparatopic Nb would still bind to there contagious N501Y variant emerging in UK. The
authors should not perform extra experiments, however, they could speculate in a single
sentence (around line 356)

With the emergence of new mutations leading to more highly infectious viral strains, we are
also greatly interested whether our Nbs and bipNb still can bind these variants. For this
reason, we are grateful for the reviewers’ suggestion and included novel data concerning
mutations present in currently emerging SARS-CoV-2 strains and the binding properties of
the Nbs NM1226 and NM1230 (see Appendix Figure S6 and Appendix Figure S7 in the

revised manuscript).
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The lower part of figure 2a could be removed if they CDR3 sequences would be grouped
according to their length and AA sequence

To keep the naming of the nanobodies in order but also show their diversity, we would like to
keep the tree as shown in the lower part of Figure 2a since the CDR3 are sorted according to

their diversity.

In the top panel of figure 2a, the Amino acid upstream of W in FR4 actually belongs to the
CDR3 or H3 loop

We thank the reviewer for this comment and adapted the sequences accordingly.

Line 685: Kon and Koff, the kinetic rate binding, dissociation constants (on or off rates) are

written with small 'k'. Capital KD is for equilibrium dissociation constant.

We are grateful for this comment and corrected the sizing accordingly.
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Reviewer 3

Major

I'm aware that it is hard to keep up with the speed of similar nanobody/antibody manuscripts
being published at the moment, but one should try to keep the reference list up to date.
Some studies which are referenced as bioRxiv articles in this article are already published
and should be cited correctly (e.g. PMID: 33154106). Furthermore, there are additional

studies that are available in bioRxiv (e.g. doi: https://doi.org/10.1101/2020.11.10.376822, ....)

and not referenced here or even published articles (e.g.: PMID: 33149112), which are not
cited.
In the revised manuscript, we updated the references substantially. All references listed here

are now included.

Figure 4 is hard to read and for a non-expert difficult to understand
For the revision we added new data describing the RBD:NM1226 structure (new Figure 3).
The new figure including both structures of RBD:NM1226 and RBD:NM1230 was completely

restructured and the figure legend rephrased in the revised manuscript accordingly.

| have some conceptual questions/concerns concerning the NeutrobodyPlex assay. To my
understanding, this assay is based on the replacement of antibodies (IgGs) by NM1267 from
mainly immobilized RBD. Due to the trimeric nature of the RBD in the full-length context (and
its different conformations), | believe the Spike protein should be used here because affinities
of IgGs might be quite different to RBD or the Spike protein, leading to a misinterpretation of
the results

In the NeutrobodyPlex, we conceive in line with the literature that the RBD:ACE2 interface as
the most important site addressed by neutralizing antibodies. However, a detailed monitoring
of the presence of IgGs binding this particular structure is not possible when using the full
length spike protein. As demonstrated, this large antigen is covered by many IgGs, also
addressing domains, which are not essential for viral entry such as the S2 domain. Even

13
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IgGs binding conserved epitopes within the RBD but “outside” the ACE2 interface were
shown not to exhibit an inhibitory effect (e.g. the CR3022 IgG (Ter Meulen et al, 2006);(Yuan

et al, 2020)).

Question to Figure 6b: Is it not possible that serum IgGs binds much tighter to Spike (multiple
RBDs in close proximity) than NM1267 and therefore the nanobody cannot replace them?
This would also challenge the statement that the "majority of serum IgGs bind this large
antigen at epitopes beyond the RBD:ACEZ2 interaction site".

To address this question, we performed new experiments and analyzed the displacement of
the well-characterized, high affinity and neutralizing 1gG clone REGN10933 (Hansen et al.,
2020) on RBD, S1 and spike by adding our NM1267. By this, we could show that with
increasing concentrations of NM1267, REGN10933 is efficiently displaced from all tested
antigens (see Appendix Figure S8)

Furthermore, for RBD we see a complete depletion of RBD-binding serum IgGs in the
NeutrobodyPlex, from which it can be assumed that the biparatopic Nb can displace IgGs
regardless an increased binding due to IgG derived avidity.

Considering that the RBD represents only a small fraction (~ 150 amino acid residues) of the
large spike protein (~ 1500 amino acid residues), it can be assumed that even if the trimeric
RBD within the homotrimeric spike protein is completely bound by serum IgGs and the
addition of a high excess of up to 1 uM bipNb displaces all RBD-bound IgGs, this decrease in
signal would not be detectable for the large spike protein. In view of this consideration, we
assume that the 1gG signal detected for spike originates from IgGs binding epitopes outside
the RBD:ACE2 site. In addition, it has been previously shown that the RBD:ACE2 binding
site is not as immunodominant as expected and that much of the spike-binding antibody

targets other portions of the extracellular part of the spike protein (Heffron et al., 2020).

How can you conclude from the data Fig.6b that the tested individuals "comprise" a
substantial fraction of neutralizing IgGs? Does competition with NM1267 automatically mean

14



that they are neutralizing? | would recommend rerunning the assay by using well-
characterized 1gGs (known efficient neutralizers with characterized overlapping ACE2
binding epitopes and affinities) on RBD and the Spike protein in the presence of different
concentrations of NM1267. Here one would expect that NM1267 is able to replace the 1gG
from the Spike protein. If this can be shown the assay with all its data would be more
convincing

We are grateful for the reviewers suggestion to proof our findings that NM1267 can efficiently
displace neutralizing 1gGs targeting the RBD:ACE2 binding site by using well-characterized
IgGs. As shown in Appendix Figure S8A-D of the revised manuscript, we applied clone
REGN10933 (Hansen et al.,, 2020) targeting an overlapping epitope on the RBD:ACE2
interface. In parallel we used the anti-Spike-NTD IgG clone 4A8 (Chi et al, 2020) as a control
as this 1gG binds an epitope outside the RBD:ACE2 interface. By this, we could demonstrate
that only REGN10933 was displaced by adding increasing concentration of NM1267

whereas of IgG 48A to S1 or spike was not affected.

For the discussion part: How do the selected binders compare to other published nanobody
studies (in terms of sequence and binding mode; are they very similar or different?).

In the discussion of the revised manuscript, we included a more detailed comparison to other
nanobodies. Furthermore, we discuss more intensively the binding properties of NM1230 in
comparison to a recently described neutralizing nanobody (Nb-Tyl, (Hanke et al, 2020),

which addresses a similar epitope within the RBD (see Appendix Figure Sb5).

What would be the next step of relevance to make use of the study?

We elaborate on these steps more extensively in the discussion section of the revised
manuscript. We are currently employing the NeutrobodyPlex approach to study the presence
of neutralizing antibodies in larger cohort of convalescent and vaccinated individuals in

collaboration with the University Hospital of Tuebingen.
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Abstract line 60: avoid the wording "easily"

done

Why was the hetero-bivalent fusion produced in human cells and not E. coli?
Both systems were tested, however the expression levels of the biparatopic NM1267 was
much higher in mammalian cells, where it is produced as a secreting protein. This expression

also ensure that all disulfide bridges are correctly formed.

Error bars and error estimated are missing for a number of measurements.

If applicable error bars and error estimations were included. For data of the NeutrobodyPlex,
most measurements are derived from single experiments measuring signals for ~100
individual color-coded microspheres for each condition and antigen. Optionally, we could
include data obtained from a single color coded microsphere as “technical” replicate.
However, by performing a large set of replicates as previously shown for the MULTICOV-AD,
which is based on a highly similar assay format, we obtained standard deviations below 10%
(Becker et al., 2021). In line with these findings, we demonstrated in this study that our
assays are stable and repeatable (see new Fig EV 1, standard deviations of maximally
10.1% for the triplicate measurements). Furthermore, for the NeutrobodyPlex we performed
serial dilutions of the bipNb, thus major discrepancies would have been visible for the

individual dilutions.
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1st Revision - Editorial Decision 23rd Mar 2021

Dear Prof. Rothbauer,

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

Before we can proceed with final acceptance, | have these editorial requests | ask you to address in
a final revised manuscript:

- Please add up to 5 keywords to the title page (best below the abstract).

- Please provide the abstract written in present tense.

- Maybe, you can update the numbers in the first sentence of the introduction (for March 2021).

- Please order the manuscript sections like this: Title page - Abstract - Introduction - Results -
Discussion - Materials and Methods - DAS (data availability section) - Acknowledgements - Author

contributions - Conflict of interest - References - Figure legends - Expanded View Figure legends.

- Should the 2 validation reports be seen by the readers? These could be uploaded as dataset then
(Dataset EV1 and Dataset EV2) and would need a callout in the manuscript text.

- Figure EV 2 looks a bit fuzzy. Could this be provided with higher resolution?
- Please name the COI"Conflict of interest statement”.

- Please make sure that all the funding information is entered also into the online submission
system and is complete and similar to the one in the manuscript text file.

- In the author contributions, please change the abbreviation for Michael Schindler to ‘Mi.S." (similar
to the callout for Monika Strengert).

- Please call out the separate panels of Fig. EV3 in the manuscript text.

- There is a callout for Supplementary Table 1 on page 28. | guess this shold be Appendix Table S1.
Please check/change.

- Finally, please find attached a word file of the manuscript text (provided by our publisher) with
changes we ask you to include in your final manuscript text, and some queries, we ask you to
address. Please provide your final manuscript file with track changes, in order that we can see any
modifications done.

In addition, | would need from you:

- a short, two-sentence summary of the manuscript (not more than 40 characters inclusing spaces).
- three - four short bullet points highlighting the key findings of your study

- a schematic summary figure (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.

Kind regards,

Achim Breiling
Editor
EMBO Reports

Referee #1:
The main points were properly addressed by the authors. And | support publication of this paper.
Referee #2:

This revised version is ready for acceptance. The authors replied to the comments and critics raised
by the reviewers.

Referee #3:

The authors extensively reworked the manuscript on the selection of neutralizing nanobodies
against the RBD of the Spike protein. Additional data have been added, certain sections have been
rewritten and all the raised concerns have been addressed properly. Well done.



2nd Authors' Response to Reviewers 24th Mar 2021

Point-by-point response to the Editorial Comments
Submission ID: EMBOR-2020-52325V2
MS TITLE: NeutrobodyPlex - Nanobodies to monitor a SARS-CoV-2 neutralizing immune

response

We thank all Reviewers for their positive response and their assessment that the manuscript
is now suitable for publication in EMBO Reports. In the following, we would like to briefly

discuss the requested editorial questions / requirements now included in the latest revision

Please add up to 5 keywords to the title page (best below the abstract).

Done

- Please provide the abstract written in present tense.

Done

- Maybe, you can update the numbers in the first sentence of the introduction (for March
2021).

Numbers are updated (March 23", 2021)

- Please order the manuscript sections like this: Title page - Abstract - Introduction - Results -
Discussion - Materials and Methods - DAS (data availability section) - Acknowledgements -
Author contributions - Conflict of interest - References - Figure legends - Expanded View
Figure legends.

Order of sections is rearranged as suggested in the revised manuscript

- Should the 2 validation reports be seen by the readers? These could be uploaded as
dataset then (Dataset EV1 and Dataset EV2) and would need a callout in the manuscript
text.

We think this is not necessary. A full access to our structural data will be available
immediately upon publication.

- Figure EV 2 looks a bit fuzzy. Could this be provided with higher resolution?

We added Fig EV2 in higher resolution



- Please name the COI "Conflict of interest statement".
Done
- Please make sure that all the funding information is entered also into the online submission
system and is complete and similar to the one in the manuscript text file.
We have also included all indicated funding in the online submission system, which is now
coherent with the information in the manuscript
- In the author contributions, please change the abbreviation for Michael Schindler to 'Mi.S.'
(similar to the callout for Monika Strengert).
Changed accordingly
- Please call out the separate panels of Fig. EV3 in the manuscript text.
Call outs for Fig EV3A, B are now included
- There is a callout for Supplementary Table 1 on page 28. | guess this should be Appendix
Table S1. Please check/change.
Corrected accordingly
- Finally, please find attached a word file of the manuscript text (provided by our publisher)
with changes we ask you to include in your final manuscript text, and some queries, we ask
you to address. Please provide your final manuscript file with track changes, in order that we
can see any modifications done.
We accepted all changes made by the published included them in the revised manuscript.
These and our changes in the revised manuscript can be followed by the track changes
mode
In addition, | would need from you:

= a short, two-sentence summary of the manuscript (not more than 40 characters

inclusing spaces).

= three - four short bullet points highlighting the key findings of your study
Both statements are now included on the first page of the revised manuscript
- a schematic summary figure (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.



Suggestion for visual synopsis is included



2nd Revision - Editorial Decision 25th Mar 2021

Prof. Ulrich Rothbauer

Eberhard Karls University Tuebingen
Pharmaceutical Biotechnology
Markwiesenstrasse 55

Reutlingen 72770

Germany

Dear Prof. Rothbauer,

Il 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.

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

As part of the EMBO publication's Transparent Editorial Process, EMBO reports publishes online a
Review Process File to accompany accepted manuscripts. As you are aware, this File will be
published in conjunction with your paper and will include the 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 within 2 days, if you
have not done so already, otherwise the File will be published by default [contact:
emboreports@embo.org]. If you do opt out, the Review Process File link will point to the following
statement: "No Review Process File is available with this article, as the authors have chosen not to
make the review process public in this case."

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

Thank you again for your contribution to EMBO reports and congratulations on a successful
publication. Please consider us again in the future for your most exciting work.

Yours sincerely,
Achim Breiling

Editor
EMBO Reports
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THINGS TO DO NOW:

You will receive proofs by e-mail approximately 2-3 weeks after all relevant files have been sent to



our Production Office; you should return your corrections within 2 days of receiving the proofs.

Please inform us if there is likely to be any difficulty in reaching you at the above address at that
time. Failure to meet our deadlines may result in a delay of publication, or publication without your
corrections.

All further communications concerning your paper should quote reference number EMBOR-2020-
52325V3 and be addressed to emboreports@wiley.com.

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



MBO PRESS
() UST COMPLETE ALL CELLS WITH A PINK BACKGROUND

PLEASE NOTE THAT THIS CHECKLIST WILL BE PUBLISHED ALONGSIDE YOUR PAPER

Corresponding Author Name: Ulrich Rothbauer

Journal Submitted to: EMBO Reports

Manuscript Number: EMBOR-2020-52325V1

Reporting Checklist For Life Sciences Articles (Rev. June 2017)

This checklist is used to ensure good reporting standards and to improve the reproducibility of published results. These guidelines are
consistent with the Principles and Guidelines for Reporting Preclinical Research issued by the NIH in 2014. Please follow the journal’s
authorship guidelines in preparing your manuscript.

A- 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.
=> figure panels include only data points, measurements or observations that can be compared to each other in a scientifically
meaningful wav.
= graphs include clearly labeled error bars for independent experiments and sample sizes. Unless justified, error bars should
not be shown for technical replicates.
=> if n< 5, the individual data points from each experiment should be plotted and any statistical test employed should be
justified
=> Source Data should be included to report the data underlying graphs. Please follow the guidelines set out in the author ship
guidelines on Data Presentation.

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.

LA 2 X 2 X X X 7

Any descriptions too long for the figure legend should be included in the methods section and/or with the source data.

In the pink boxes below, please ensure that the answers to the following questions are reported in the manuscript itself.
Every question should be answered. If the question is not relevant to your research, please write NA (non applicable).

We encourage you to include a specific subsection in the methods section for statistics, reagents, animal models and human
subjects.

USEFUL LINKS FOR COMPLETING THIS FORM

http://www.antibodypedia.com
http://1degreebio.org

http://www.equator-network.org/reporting: improving-bioscience-research-repor

http://grants.nih.gov/grants/olaw/olaw.htm
http://www.mrc.ac.uk/Ourresearch/Ethicsresearchguidance/Useofanimals/index.htm
http://ClinicalTrials.gov

http://www.consort-statement.or;

http://www.consort-statement.org/checklists/view/32-consort/66-title

http://www.equator-network.org/reporting: reporting-recommendations-for-tum¢

http://datadryad.org
http://figshare.com

http://www.ncbi.nlm.nih.gov/ga

http://www.ebi.ac.uk/ega

http://biomodels.net/

http://biomodels.net/miriam/

http://jjj.biochem.sun.ac.za
http://oba.od.nih.gov/biosecurity/biosecurity_documents.html
http://www.selectagents.gov,

B- Statistics and general methods

Please fill

these boxes W (Do not worry if you cannot see all your text once you press retur

1.a. How was the sample size chosen to ensure adequate power to detect a pre-specified effect size? Any details regarding sample size is given in the manuscript. All chosen sample size allows the
detection of a pre-specified effect size. For VNT the sample size (N = 18) was chosen due to cost

and capacity factors

1.b. For animal studies, include a statement about sample size estimate even if no statistical methods were used. n/a

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

no sample was ex- or included by any means

3. Were any steps taken to minimize the effects of subjective bias when allocating animals/samples to treatment (e.g. n/a
randomization procedure)? If yes, please describe.

For animal studies, include a statement about randomization even if no randomization was used. n/a

4.a. Were any steps taken to minimize the effects of subjective bias during group allocation or/and when assessing results |no blinding was performed
(e.g. blinding of the investigator)? If yes please describe.

4.b. For animal studies, include a statement about blinding even if no blinding was done n/a

5. For every figure, are statistical tests justified as appropriate? If a statistical test was performed, all details are given in the corresponding figure legend

Do the data meet the assumptions of the tests (e.g., normal distribution)? Describe any methods used to assess it. all data shown meets the requirements for the presented statistical analysis

Is there an estimate of variation within each group of data? n/a




Is the variance similar between the groups that are being statistically compared? n/a

C- Reagents

6. To show that antibodies were profiled for use in the system under study (assay and species), provide a citation, catalog |All antibody information are given in the Material and Method section
number and/or clone number, supplementary information or reference to an antibody validation profile. e.g.,
Antibodypedia (see link list at top right), 1DegreeBio (see link list at top right).

7. Identify the source of cell lines and report if they were recently authenticated (e.g., by STR profiling) and tested for these information are given in the Material and Method section
mycoplasma contamination.

* for all hyperlinks, please see the table at the top right of the document

D- Animal Models

8. Report species, strain, gender, age of animals and genetic modification status where applicable. Please detail housing |n/a
and husbandry conditions and the source of animals.
9. For experiments involving live vertebrates, include a statement of compliance with ethical regulations and identify the |n/a

committee(s) approving the experiments.

10. We recommend consulting the ARRIVE guidelines (see link list at top right) (PLoS Biol. 8(6), €1000412, 2010) to ensure [n/a
that other relevant aspects of animal studies are adequately reported. See author guidelines, under ‘Reporting
Guidelines’. See also: NIH (see link list at top right) and MRC (see link list at top right) recommendations. Please confirm
compliance.

E- Human Subjects

11. Identify the committee(s) approving the study protocol. Ethical consent was granted from the Ethics Commission of the University of Tuebingen under the
votum 179/2020/B02.

12. Include a statement confirming that informed consent was obtained from all subjects and that the experiments The study have been performed in accordance with the ethical standards as laid down in the 1964
conformed to the principles set out in the WMA Declaration of Helsinki and the Department of Health and Human Declaration of Helisinki and it’s later amendments
Services Belmont Report.

13. For publication of patient photos, include a statement confirming that consent to publish was obtained. n/a
14. Report any restrictions on the availability (and/or on the use) of human data or samples. no restrictions
15. Report the clinical trial registration number (at ClinicalTrials.gov or equivalent), where applicable. n/a

16. For phase Il and Ill randomized controlled trials, please refer to the CONSORT flow diagram (see link list at top right) |n/a
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.

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

F- Data Accessibility

18: Provide a “Data Availability” section at the end of the Materials & Methods, listing the accession codes for data All information regarding data ilability are available in the "Data ilability" section.
generated in this study and deposited in a public database (e.g. RNA-Seq data: Gene Expression Omnibus GSE39462,
Proteomics data: PRIDE PXD000208 etc.) Please refer to our author guidelines for ‘Data Deposition’.

Data deposition in a public repository is mandatory for:
a. Protein, DNA and RNA sequences

b. Macromolecular structures

c. Crystallographic data for small molecules

d. Functional genomics data

e. Proteomics and molecular interactions

19. Deposition is strongly recommended for any datasets that are central and integral to the study; please consider the n/a
journal’s data policy. If no structured public repository exists for a given data type, we encourage the provision of datasets
in the manuscript as a Supplementary Document (see author guidelines under ‘Expanded View’ or in unstructured
repositories such as Dryad (see link list at top right) or Figshare (see link list at top right).

=
=
)

20. Access to human clinical and genomic datasets should be provided with as few restrictions as possible while respecting
ethical obligations to the patients and relevant medical and legal issues. If practically possible and compatible with the
individual consent agreement used in the study, such data should be deposited in one of the major public access-
controlled repositories such as dbGAP (see link list at top right) or EGA (see link list at top right).

21. Computational models that are central and integral to a study should be shared without restrictions and provided ina |n/a
machine-readable form. The relevant accession numbers or links should be provided. When possible, standardized format
(SBML, CellML) should be used instead of scripts (e.g. MATLAB). Authors are strongly encouraged to follow the MIRIAM
guidelines (see link list at top right) and deposit their model in a public database such as Biomodels (see link list at top
right) or JWS Online (see link list at top right). If computer source code is provided with the paper, it should be deposited
in a public repository or included in supplementary information.

G- Dual use research of concern

22. Could your study fall under dual use research restrictions? Please check biosecurity documents (see link list at top no
right) and list of select agents and toxins (APHIS/CDC) (see link list at top right). According to our biosecurity guidelines,
provide a statement only if it could.
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