EMBO

reports

Pseudo-repeats in doublecortin make distinct
mechanistic contributions to microtubule
regulation

Szymon Manka and Carolyn Moores
DOI: 10.15252/embr.202051534

Corresponding author(s): Carolyn Moores (c.moores@mail.cryst.bbk.ac.uk) , Szymon Manka
(s.manka@mail.cryst.bbk.ac.uk)

Review Timeline: Submission Date: 17th Aug 20
Editorial Decision: 8th Sep 20
Revision Received: 17th Sep 20
Accepted: 18th Sep 20

Editor: Martina Rembold

Transaction Report: This manuscript was transferred to
EMBO reports following peer review at The EMBO Journal.

(Note: With the exception of the correction of typographical or spelling errors that could be a
source of ambiguity, letters and reports are not edited. Depending on transfer agreements, referee
reports obtained elsewhere may or may not be included in this compilation. Referee reports are
anonymous unless the Referee chooses to sign their reports.)



Transfer to EMBO Reports 17th Aug 2020

Institute of Structural and Molecular Biology,
Birkbeck, University of London,

London WC1E 7HX,

UK

17/08/20
EMBO Reports

Dear Dr Rembold

Thank you very much for considering the revised version of our manuscript entitled
“Pseudo-repeats in doublecortin make distinct mechanistic contributions to
microtubule regulation”, transferred from EMBO Journal (EMBOJ-2019-102526R), for
consideration at EMBO Reports.

We have addressed the comments of the referees, described in detail in the point by point
response. In summary, however, given the already substantial amount of data included in
our manuscript, and in particular our very high quality cryo-EM reconstructions, we
considered additional experiments to be beyond the scope of our current study. Therefore,
at the request of Referee 1, we have removed the Rosetta- and single molecule TIRF-
related material. Together with some reorganisation of the Results section, this has enabled
a clearer presentation of our other data, which constitutes the majority of the work.

We are not aware of published data that impacts the novelty of our work. However we know

that our work is being read and found relevant by the community, and that our findings (as posted
on bioRxiv; https://doi.org/10.1101/808899) have been used and cited by others in

related work (Rogers et al, https://doi.org/10.1101/2020.06.12.149252). We have also

included a citation of this recent preprint about the DCX relative DCX-like kinase that is

relevant to, and consistent with, our study of DCX.

We have highlighted all these text changes, together with those from the previous revision at
EMBO Journal, in the submitted manuscript file.

We believe that this study_would be very suitable for publication at EMBO Reports. Thank you
once again for your consideration and we look forward to hearing from you in due course.

Yours sincerely

Carolyn Moores and Szymon Manka


https://doi.org/10.1101/2020.06.12.149252

Point-by-point response
Referee #1:

The revised Manka et al manuscript, presented written rebuttals to the three reviewer
comments. The reviewers appear to be in agreement regarding concerns about the
simulated binding of the CDC domain to tubulin protofilaments. However, the revised
manuscript provides no additional data to address the biochemical relevance of the authors
hypothesis regarding differences between the CDC and the NDC binding MT ends using
single molecule methods or biochemical data regarding CDC binding curved protofilaments
in solution. This reviewer believes that biochemical data for the CDC binding to curved
protofilaments (#1), and quantitative analyses on ensembles of single molecule data (#2) are
necessary for these conclusions to be included in the manuscript. These data are not
interpretable only in the manner the authors suggest. However, the authors did not provide
any new data or analyses to address these concerns. The other reviewers agree with these
points and suggest that the manuscript has focused on these areas which take away from
the main message for the manuscript.

1) The CDC binding to curved tubulin protofilaments was only simulated using Rosetta
docking. Although the CDC-tubulin protofilament docking is a reasonable place to start a for
a hypothesis, it remains no more than a hypothesis. From the understanding of this reviewer
that this hypothesis invokes a binding site for CDC between the corners of four curved
tubulins in two protofilament pairs and not single protofilaments. The authors show images
of protofilaments in their EM imaging but provide no evidence that CDC is bound to them.
This could have been easily accomplished using has been no biochemical data has been
presented. The authors also assert that the clinical mutations provide proof for this
hypothesis. The mechanism of these mutations remains unknown without direct testing with
biochemical data. The authors argument in the rebuttal appears a bit logically "circular" in
that they identify a new conformation of the CDC (using Rosetta) in which residues make
new types of contacts, then the authors asset that conservation of these residues supports
the importance of this conformation. Without having a biochemical measure, these data
remain a highly unproven hypothesis and should be removed.

2)The single molecule studies differentiating the binding and dissociation parameters for the
wt and NN DCX construct remain a major concern due to the lack of quantitively studies on
larger ensembles. Furthermore, the images of kymographs lack clear images, steady signal
and seem to be missing quantitative measures to establish how these molecules bind and
dissociate differently from MT plus-ends. The authors state the data presented is "quality is
sufficient for its mechanistic purpose". This reviewer completely disagrees with this point and
remains unconvinced by these data. The lack of statistical analyses for the residence times
of moderately sized ensembles of single molecule data in the experiments presented leaves
a major concern about how many data points were used to make the conclusions presented
by the authors.

The data associated with both the above sections should either be removed from the
manuscript or fortified with additional data. Currently, these data detract away from the main
story which remains of high quality.

1. Given the already substantial amount of data included in our manuscript, and in particular
our very high quality cryo-EM reconstructions (as also endorsed by this referee), we
considered additional experiments to be beyond the scope of our current study. However, in
line with the suggestions of this referee, together with referee 3, we have removed the
Rosetta and single molecule TIRF data. We believe the consequent reorganisation of the
text allows a much clearer description of the remaining majority of our data. Our figures/data
are now organised as follows:



Figure 1 -> remains Figure 1, with added information about statistical significance in panel |
Figure 2A-D -> new Figure 2, which also contains new views of the MT binding surfaces
Figure 2E-G -> moved to new Figure 4

Figure 3 -> remains Figure 3

Figure 4 parts relating to Rosetta work -> removed;

Figure 4 parts relating to comparison of our structures -> moved to new Figure 5
New Figure 4 — detailed view of CDC and NDC MT binding sites

Figure 5 (single molecule TIRF data) -> removed

New Figure 5 — further analysis of CDC and NDC structures and MT binding sites
Figure 6 -> remains Figure 6

Figure 7 -> remains Figure 7, with Rosetta-related features removed

Table 1 -> remains Table 1

Figure EV1 -> remains Figure EV1

Figure EV2 -> remains Figure EV2

Figure EV3A (relates to cryo-EM data ) -> moved to new Figure 5B

Figure EV3B, C (top row) and E (relating to Rosetta work) -> removed
Figure EV3C (bottom rows) and D -> rearranged to form a new Figure EV3
Figure EV4 -> remains Figure EV4

Figure EV5 -> remains Figure EV5

Appendix Figures S1, S2, S3, S4 -> remain unchanged

Appendix Figure S5 -> expanded to local resolution depictions and the low-pass
filtered version of our reconstructions, mentioned by referee 2 (below)

Appendix Figure S6 -> remains unchanged

Appendix Figure S7 relating to Rosetta work -> removed;

Appendix Figure S8 relating to single molecule TIRF data -> removed

Appendix Table S1 -> remains Appendix Table S1

Referee #2:

The response (especially the figure included in the response file) adequately addressed my
main concerns regarding the structure data interpretation. | am happy to accept this

manuscript for publication. Congratulations to the authors for an interesting and detailed
study.

2. Thanks to this referee for their support of our work. We note that the mentioned figure that
was originally included in the author response file, which shows a low resolution filtered view
of our reconstruction, is now included in Appendix Figure S5C.

Referee #3:

The authors clearly have made an effort to address the reviewer's comments and | generally
support publication. This is still a very dense paper and | don't think completely resolves how
DCX interacts with microtubules, but this is an important step in this direction.

3. Removal of the Rosetta docking data and the single molecule TIRF data has allowed us
to unpack the rest of our results, which we hope helps to make our manuscript less dense.

There are still a few things that do not make sense to me:

Point 27:
[Previous discussion for reference:



Fig 1D: The fact that the NN construct is a less efficient MT nucleator compared with WT
does not necessarily imply that the C-terminal DCX domain has that function; just means
that the NN construct works less well than WT, which could be for a number of reasons. This
becomes important when moving to Fig. 2 when it is implied that the different DCX domains
have different functions that can be clearly separated. Yet, no function of the CDC domain
has been shown (because of its purported instability; how does one distinguish stability of
the CDC domain from its MT affinity? Could the two be related?). If it is indeed the case that
CDC promotes MT nucleation before NDC binds, why would the C-terminal domain
constructs alone not promote nucleation then (i.e. Fig 1C). maybe | am missing something,
but this seems confusing.

Nearly all microtubules in mammalian cells are thought to have 13 protofilaments. Yet, only
developing neurons express DCX. So, | do not quite understand how the function of the CC
domain can be to nucleate 13 protofilament microtubules. Aren't they nucleated anyways?
Maybe a sentence or two explaining this would be good.

4. As we mention at the beginning of the Discussion text, DCX “localises to the distal
processes of the migrating immature neurons (Tint et al., 2009), where the absence of the
centrosomal y-tubulin ring complexes (y-TuRCSs) that normally template the 13-PF
architecture, may require that DCX contributes to de novo [13-PF] MT nucleation to help
direct cell migration (Stiess et al., 2010). “ We have now added the text in brackets to the
latest version of our manuscript, to further emphasise the hypothesised role of DCX in
specifying the protofilament architecture of de novo nucleated MTs in migrating neurons.

Point 31:
Overall, this experiment does not show that one domain is replaced by the other, only that
CDC appears to have an increased affinity for GDP.Pi, while NDC likes GDP better.

ok, but it does not necessarily show that a domain replacement happens in the same way at
a growing MT end where the GTP-lattice state would turn over much more rapidly than 1
hour. | think this experimental caveat should be pointed out somewhere (maybe at the end
of the relevant paragraph; top of page 5).



5. This is a fair point. Edits relating to this point are incorporated as part of the wider
changes in the text, in particular on p6.

Point 37:

[Previous discussion for reference:

Fig 5: | understand the attractiveness of the model that CDC binds curved protofilaments at
growing MT ends and NDC binds the GDP lattice. However, | don't think the experiments in
Fig. 5 clearly demonstrate this. If CDC specifically recognized longitudinally curved
protofilaments at growing MT ends, | would expect tracking of CDC with the growing end
similar to what has been shown by others with DCX protein in vitro. It does not make a lot of
sense to me that CDC would become incorporated at a specific position on the MT and stay
there (presumably once this part of the MT is no longer the end, protofilaments would be no
longer curved. Is the idea that CDC lets go and NDC binds instead? However, this is all
conjecture and why would NN with two high affinity NDC domains not kick off the WT
construct with only one NDC especially at a 50-fold excess). Have the authors tested if any
of the single CDC domain constructs track MT ends?

| don't know, but | find it hard to believe that a 5 aa difference distinguishes between tip
tracking and lattice binding. It is also maybe worth mentioning that the Ettinger paper
showed that in cells WT DCX not only does not track MT ends, but is absent from growing
microtubule ends. So, this remains incompatible with the model in Fig. 7 in which DCX
through its CDC only binds to the GDP-Pi zone. Granted, cells and in vitro are different, but
this is still odd.

6. These comments originated from a discussion of the single molecule TIRF data, which
have now been removed. Although no specific questions are put to us, we nevertheless note
that the referee raises two additional points:

1) Small isoform-specific differences may not be sufficient to explain observations of tip
tracking vs lattice binding by DCX.

-> |n the Discussion text, we simply offer isoform-specific differences as one potential
explanation for these observations that cannot currently be excluded. Future studies building
on our current work will hopefully reveal more about isoform-specific behaviours of DCX.



2) That our model is incompatible with the observations of Ettinger et al, where WT DCX not
only does not track MT ends, but is absent from growing microtubule ends in cell.

> Our model focuses on DCX’s involvement in de novo microtubule nucleation, which we
speculate is important in neurons and where reported local concentrations of DCX support
the feasibility of this model (Tint et al, 2009). This is described in our Discussion text. While
we appreciate the work of Ettinger very much and cite it in several places, our reading of
their work is that they did not explicitly investigate de novo nucleation, nor do they evaluate
which other factors might be influencing DCX’s occupancy of the various microtubule
regions in the cells of their study. Nevertheless, their observation that DCX favourably binds
regions of curved MTs induced by paclitaxel addition — which have been proposed to have
some structural similarities to curved, early microtubule nuclei and/or microtubule tips - are
consistent with our model as we already state in our Discussion text, and also hint at a more
complicated situation in cells. Our data concerning the specific roles of NDC and CDC within
DCX provide unique insights that can inform future investigations that will illuminate these
topics further.



1st Editorial Decision 8th Sep 2020

Dear Prof. Moores

Thank you for the submission of your revised manuscript to EMBO reports. Your study had been
reviewed and revised for our sister journal The EMBO Journal. While reviewer 2 was satisfied with
the revised manuscript, reviewer 1 and 3 found that some of the data remained inconclusive and
considered a more thorough biochemical characterization of the Rosetta and single molecule data
essential. We had offered publication of a further revised version in EMBO reports given that the
conclusions derived from the molecular docking simulations and single molecule experiment data
would be appropriately toned down and the limitations clearly discussed or the respective data be
removed.

You have now submitted such a revised version and after checking all the files and your point-by-
point response, | am happy to offer publication after some remaining editorial concerns have been
addressed as follows:

- Data availability section: please provide links that resolve to the deposited datasets

- Appendix table of content: please add page numbers

- There are callouts to Supplementary Table 1 in the legend of Figure 6. Please correct the callouts
to "Appendix Table S1".

- You mention that you analyzed movie files and we note that movies were part of the earlier
submission to our sister journal The EMBO Journal. Please ensure that all relevant files have been
uploaded.

- Please change the header of "Declaration of Interests" to "Conflict of Interest"

- Please add callouts to Fig 7A and Fig EV 1F to the text.

- Please provide a complete author checklist, which you can download from our author guidelines
(<https/www.embopress.org/page/journal/14693178/authorguide>). Please insert information in
the checklist that is also reflected in the manuscript. The completed author checklist will also be
part of the Review Process File.

- During our routine image analsyis, we noted that some figures were too closely cropped, i.e., there
was little space on the bottom/right edge of the figure, which might create problems when

published online. We have now added a white border (Figures 1,3,5,7 & Figures EV1, EV2, EV5).

- lattach to this email a related manuscript file with comments by our data editors. Please address
all comments and upload a revised file with tracked changes with your final manuscript submission.

- Finally, could you please add a draft for a short summary text to the synopsis file | attached (1-2
sentences)?

We look forward to seeing a final version of your manuscript as soon as possible.

With kind regards,



Martina Rembold, PhD
Editor
EMBO reports



1st Authors' Response to Reviewers 17th Sep 2020

The authors have addressed all minor editorial requests.



1st Revision - Editorial Decision 18th Sep 2020

Prof. Carolyn Moores

Institute of Structural and Molecular Biology, Birkbeck College
Department of Biological Sciences

Malet Street

London WC1E 7HX

United Kingdom

Dear Prof. Moores,

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,
Martina Rembold, PhD

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-
51534V2 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.
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Corresponding Author Names: Szymon W. Manka and Carolyn A. Moores

Journal Submitted to: EMBO reports

Manuscript Number: EMBOR-2020-51534V1

http:,

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
iustified
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 2 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

(A X 2 X X 27

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.

B- Statistics and general methods

http://1degreebio.org

http:, equator-network.org/reporti impr -research-repor

http://grants.nih.gov/grants/olaw/olaw.htm
http://www.m uk/Ourresearch/Ethicsresearchguidance/Useofanimals/inde:

http://ClinicalTrials.gov
http://www.consort-statement.org

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

http: equator-network.org/reporting: reporting-recommendations-for-tumc

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:, biochem.sun.ac.za
ih.gov/biosecurity/biosecurity_documents.html
http://www.selectagents.gov,

Please fill out these boxes

(Do not worry if you cannot see all your text once you press returt

1.a. How was the sample size chosen to ensure adequate power to detect a pre-specified effect size?

Sample size was determined based on the data scatter and the magnitude of the difference
between the compared effects. The achieved statistical power is reflected in the stringent
significance level (up to p < 0.0001), thus the number of subjects is much greater than sufficient.

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

NA

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

In the single-particle cryo-EM data processing so called 'bad particles' are excluded due to their
obvious poor quality, which precludes their alignment with the consensus data. The sparse regions
of micrographs where sample image quality is poor (for example, due to grid surface

giving rise to local noise in the image or due to sample heterogeneity) would ideally
be not selected for processing, but it is impossible to completely avoid it, even with manual
particle/segment picking used in this study. Image processing algorithms employed reveal such
poor particles as not classifiable under objective computational criteria into any biologically
relevant class, which objectifies exclusion. In our TIRF experiments we treat all outliers within each
movie and between repeated movies as outliers due to chance (biological variability) and not due
to random technical errors. We therefore find that removal of outliers would be unjustified and
refrain from it.

3. Were any steps taken to minimize the effects of subjective bias when allocating animals/samples to treatment (e.g. NA
randomization procedure)? If yes, please describe.
For animal studies, include a about r evenifnor was used. NA

4.a. Were any steps taken to minimize the effects of subjective bias during group allocation or/and when assessing results
(e.g. blinding of the investigator)? If yes please describe.

Only one homogeneous state was targeted in each experiment, therefore there was no need for
any subjective group allocation in any experiment. Classifications of microtubule segments were
performed computationally and therefore objectively.

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

NA

5. 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.

[As stated above (point 2), we did not remove outliers from TIRF datasets, which renders them very
sensitive to normality testing due to their limited sample sizes. Not all datasets passed all
normality tests that we applied, which inlcuded the D'Agostino & Pearson test, the Anderson-
Darling test and the Shapiro-Wilk test. Some datasets passed one or two, but not other tests, which
is expected with the present sample sizes, where a single outlier may cause a normality test to fail.
[The same was true when we tested for lognormality using the same tests. This ambiguity (Gaussian
vs. non-Gaussian vs. lognormal vs. other distribution) is expected in this case, as the power of all
tests is low here and alternative null hypotheses, i.e. that the dataset has a non-Gaussian or other
identifiable distribution is equally hardly testable. We decided to use ANOVA and the Holm-Sidak's
multiplicity adjusted P values to assess signifficance of the observed differences, since plenty of
simulations have shown that these tests work well even when the population is only approximately
Gaussian (https://www.graphpad.com/support/faqid/959/) and the power of nonparametric tests is|
much lower. Crucially, however, we confirmed that a nonparametric test (Kruskal-Willis) reported
the same verdicts on signifficance of the observed differences or lack thereof as ANOVA, so the
statistical interpretation of the data would not have changed if we assumed a non-Gaussian
distribution.

Is there an estimate of variation within each group of data?

Yes, box and whiskers plots show that.

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

Ves, it is close enough to justify use of the chosen statistical methods.

C- Reagents

D- Animal Models

E- Human Subjects

6. To show that antibodies were profiled for use in the system under study (assay and species), provide a citation, catalog |NA

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 NA

mycoplasma contamination.

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

8. Report species, strain, gender, age of animals and genetic modification status where applicable. Please detail housing |NA

and husbandry conditions and the source of animals.

9. For experiments involving live vertebrates, include a of with ethical and identify the |NA
approving the experiments.

10. We re the ARRIVE (see link list at top right) (PLoS Biol. 8(6), e1000412, 2010) to ensure |NA

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

11. Identify the committee(s) approving the study protocol. NA

12. Include a statement confirming that informed consent was obtained from all subjects and that the experiments NA

conformed to the principles set out in the WMA Declaration of Helsinki and the Department of Health and Human

Services Belmont Report.

13. For publication of patient photos, include a statement confirming that consent to publish was obtained. NA

14. Report any restrictions on the availability (and/or on the use) of human data or samples. NA

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

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

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 |NA

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
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

¢. Crystallographic data for small molecules

d. Functional genomics data

e. Proteomics and molecular interactions

Our maps and coordinates were deposited in EMDB/PDB with the following accession codes: 13-PF
WT(CDC)-GDP.Pi-MT (EMD-4861; PDB 6RF2), 13-PF WT(NDC)-GDP-MT (EMD-4858; PDB 6REV), 13-
PF NN(NDC)-GDP-MT (EMD-4862; PDB 6RF8), 14-PF NN(NDC)-GDP-MT (EMD-4863; PDB 6RFD).

19. Deposition is strongly recommended for any datasets that are central and integral to the study; please consider the
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 in 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
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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