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Message: 25th May 2022 

 
Dear Dr. Baldock, 
 
Thank you again for submitting your manuscript "Fibrillin microfibril structure identifies 
long-range effects of inherited pathogenic mutations affecting a key regulatory TGFβ-
binding site". I sincerely apologize for the delay in responding, which resulted from the 
difficulty in obtaining suitable referee reports. Nevertheless, we now have comments 
(below) from the 3 reviewers who evaluated your paper. In light of those reports, we 
remain interested in your study and would like to see your response to the comments of 
the referees, in the form of a revised manuscript. 
 
You will see that reviewers #2 and #3 raise some issues regarding the cryo-EM resolution 
and density interpretation. Please be sure to address/respond to all concerns of the 
referees in full in a point-by-point response and highlight all changes in the revised 
manuscript text file. If you have comments that are intended for editors only, please 
include those in a separate cover letter. 
 
We are committed to providing a fair and constructive peer-review process. Do not 
hesitate to contact us if there are specific requests from the reviewers that you believe are 
technically impossible or unlikely to yield a meaningful outcome. 
 
We expect to see your revised manuscript within 6 weeks. If you cannot send it within this 
time, please contact us to discuss an extension; we would still consider your revision, 
provided that no similar work has been accepted for publication at NSMB or published 
elsewhere. 
 
As you already know, we put great emphasis on ensuring that the methods and statistics 
reported in our papers are correct and accurate. As such, if there are any changes that 
should be reported, please submit an updated version of the Reporting Summary along 
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with your revision. 
 
Please follow the links below to download these files: 
 
Reporting Summary: 
https://www.nature.com/documents/nr-reporting-summary.pdf 
 
Please note that the form is a dynamic ‘smart pdf’ and must therefore be downloaded and 
completed in Adobe Reader. 
 
 
When submitting the revised version of your manuscript, please pay close attention to our 
href="https://www.nature.com/nature-research/editorial-policies/image-integrity">Digital 
Image Integrity Guidelines.</a> and to the following points below: 
 
-- that unprocessed scans are clearly labelled and match the gels and western blots 
presented in figures. 
-- that control panels for gels and western blots are appropriately described as loading on 
sample processing controls 
-- all images in the paper are checked for duplication of panels and for splicing of gel 
lanes. 
 
Finally, please ensure that you retain unprocessed data and metadata files after 
publication, ideally archiving data in perpetuity, as these may be requested during the 
peer review and production process or after publication if any issues arise. 
 
 
If there are additional or modified structures presented in the final revision, please submit 
the corresponding PDB validation reports. 
 
Please note that all key data shown in the main figures as cropped gels or blots should be 
presented in uncropped form, with molecular weight markers. These data can be 
aggregated into a single supplementary figure item. While these data can be displayed in 
a relatively informal style, they must refer back to the relevant figures. These data should 
be submitted with the final revision, as source data, prior to acceptance, but you may 
want to start putting it together at this point. 
 
SOURCE DATA: we urge authors to provide, in tabular form, the data underlying the 
graphical representations used in figures. This is to further increase transparency in data 
reporting, as detailed in this editorial 
(http://www.nature.com/nsmb/journal/v22/n10/full/nsmb.3110.html). Spreadsheets can 
be submitted in excel format. Only one (1) file per figure is permitted; thus, for multi-
paneled figures, the source data for each panel should be clearly labeled in the Excel file; 
alternately the data can be provided as multiple, clearly labeled sheets in an Excel file. 
When submitting files, the title field should indicate which figure the source data pertains 
to. We encourage our authors to provide source data at the revision stage, so that they 
are part of the peer-review process. 
 
Data availability: this journal strongly supports public availability of data. All data used in 
accepted papers should be available via a public data repository, or alternatively, as 
Supplementary Information. If data can only be shared on request, please explain why in 
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your Data Availability Statement, and also in the correspondence with your editor. Please 
note that for some data types, deposition in a public repository is mandatory - more 
information on our data deposition policies and available repositories can be found below: 
https://www.nature.com/nature-research/editorial-policies/reporting-
standards#availability-of-data 
 
We require deposition of coordinates (and, in the case of crystal structures, structure 
factors) into the Protein Data Bank with the designation of immediate release upon 
publication (HPUB). Electron microscopy-derived density maps and coordinate data must 
be deposited in EMDB and released upon publication. Deposition and immediate release of 
NMR chemical shift assignments are highly encouraged. Deposition of deep sequencing 
and microarray data is mandatory, and the datasets must be released prior to or upon 
publication. To avoid delays in publication, dataset accession numbers must be supplied 
with the final accepted manuscript and appropriate release dates must be indicated at the 
galley proof stage. 
 
While we encourage the use of color in preparing figures, please note that this will incur a 
charge to partially defray the cost of printing. Information about color charges can be 
found at http://www.nature.com/nsmb/authors/submit/index.html#costs 
 
Nature Structural & Molecular Biology is committed to improving transparency in 
authorship. As part of our efforts in this direction, we are now requesting that all authors 
identified as ‘corresponding author’ on published papers create and link their Open 
Researcher and Contributor Identifier (ORCID) with their account on the Manuscript 
Tracking System (MTS), prior to acceptance. This applies to primary research papers only. 
ORCID helps the scientific community achieve unambiguous attribution of all scholarly 
contributions. You can create and link your ORCID from the home page of the MTS by 
clicking on ‘Modify my Springer Nature account’. For more information please visit please 
visit <a 
href="http://www.springernature.com/orcid">www.springernature.com/orcid</a>. 
 
Please use the link below to submit your revised manuscript and related files: 
 
[Redacted] 
 
<strong>Note:</strong> This URL links to your confidential home page and associated 
information about manuscripts you may have submitted, or that you are reviewing for us. 
If you wish to forward this email to co-authors, please delete the link to your homepage. 
 
We look forward to seeing the revised manuscript and thank you for the opportunity to 
review your work. 
 
Sincerely, 
Sara 
 
Sara Osman, Ph.D. 
Associate Editor 
Nature Structural & Molecular Biology 
 
 
Referee expertise: 
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Referee #1: Connective tissue diseases 
 
Referee #2: Structure-function studies of fibrils 
 
Referee #3: Cryo-EM 
 
 
Reviewers' Comments: 
 
Reviewer #1: 
Remarks to the Author: 
The authors describe a cryoEM structure of bovine fibrillin-containing microfibrils. 
Microfibrils are present in many tissues and are at the root of several genetic disorders, 
such as Marfan syndrome. While several features are known from structural studies using 
negative staining TEM or SAXS, some additional features become evident at higher 
resolution. CryoEM of microfibrils is certainly a very difficult task due to structural 
variabilities and flexibility of these structures. High resolution was achieved for the bead 
region. The authors used this structure to position an N-terminal fibrillin-1 region into the 
bead region based on monoclonal antibody mapping from this and other groups, as well as 
on protease resistant regions in the N-terminus. The authors also include analyses of 
microfibrils isolated from genetic mouse models with deletions in the N-terminal region, 
which helped to define the respective region relative to the bead. Finally, they study LTBP-
1 binding and the structural consequences and refined the interbead region from cryoEM 
data. Overall, the work is very interesting and important for the field. However, a series of 
aspects appear not developed sufficiently and thus several conclusions are not justified. 
 
Major comments: 
1. The authors describe the importance of fibrillin-containing microfibrils in relation to 
elastic fiber formation, disease involvement in this process, and microfibril-binding 
proteins. But then they isolate and work with microfibrils from ciliary zonules which are 
basically elastin-free microfibrils and very few binding proteins have been identified for 
those microfibrils. Ciliary zonules likely have an entirely mechanical function in the 
accommodation of the lens, whereas other microfibrils in blood vessels and bone likely 
have different functions and are presumably structurally somewhat different. It is clear 
that bovine ciliary zonules have been used, because it is feasible to purify them from this 
tissue. But the aspects above have not been made clear in the manuscript. 
 
2. The authors claim in Fig. 1E for the bead region that individual fibrillin molecules can be 
seen. It is not clear in this figure how the authors distinguish between fibrillin and other 
potential proteins present in the bead. We already know from previous studies that there 
is a tight packing in the bead region. 
 
3. The arm structure in Fig. 1A-C has been previously published by this group, albeit with 
a lower resolution (Godwin et al. JMB 430, 2018). The current analysis confirms the bead, 
arm, interbead regions and includes a new shoulder region. However, this shoulder region 
could be visualized in the previous paper, albeit it was not named like that. What is also 
better visible here are the details of the arms. But some of these aspects appear like a 
confirmation of previous data. 
 
4. Fig 2A,B: No markers are included on the Western blots and no predicted molecular 
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masses are indicated for the recombinant fibrillin-1 fragments. This does not allow to 
validate whether or not the bands correlate with the expected masses. Also, no indication 
was provided how often these experiments were repeated. Some of the bands are very 
faint, thus it would be desirable to include another method for confirmation (e.g. ELISA). 
 
5. The authors comment on page 7 that the binding sites of two monoclonal antibodies 
(mAb 1919, 2502) have been mapped previously to the arm region and bead region, 
respectively, citing refs 13 and 36. mAb 2502 used in ref 36 seems to be the same than 
mAb 26 used in ref 13. Ref 36 states that this antibody does recognize human but not 
bovine microfibrils. On page 7, however, the authors infer that this antibody binds to the 
bovine microfibrils. If the epitope is not present in bovine microfibrils, the structure is 
likely different compared to human microfibrils. The second antibody mAb 1919 has also a 
double name between papers (11C1.3). In the previous paper, the description was that 
this antibody binds “at the interbead striation where the arms terminate”. However, this 
does not seem to match the position how it is situated in Fig. 2D. Overall for this point, 
there is quite a bit of confusion and inconsistency in terms of these antibodies and their 
interpretations and conclusions in the present paper. 
 
6. Inspecting refs 13 and 20 for mapped antibody locations, it seems that mAb 26 
(epitope in TB1) and mAb 201 (epitope in TB2 region) were previously mapped to 
microfibrils on the same side of the bead. The positioning of TB1 and TB2 relative to the 
bead as shown in Fig. 2D is not consistent with those results. The two antibodies in this 
model would map at the opposite sides of the bead, as well as too close to the beads, 
compared to previously published data. 
 
7. The authors refer to a proteomic study for Fig. 2 showing the lack of peptides from 
domains EGF4-TB2 after elastase digestion (ref 38). The lack of peptides in this region 
could simply be a consequence of the lack of elastase recognition sites. To arrive at this 
conclusion with confidence, it would be necessary to perform such experiments with 
several proteases and more importantly with low specificity proteases such as trypsin or 
similar proteases to make sure that there are definitely cleavage sites in this region. 
Overall, the positioning of the fibrillin-1 stretch shown in Fig. 2D is not fully justified. 
 
8. The authors used negative staining in Fig. 4 to analyze microfibrils from skin of mice 
with deletions in the N-terminal region. I understand that it is more difficult to obtain 
sufficient amounts of microfibrils from mouse skin and thus the resolution is much lower 
than that of cryoEM. The authors point out very minor differences close to the bead in 
these images. I am not convinced whether these differences are true differences or 
whether these are variations due to the low sample numbers and the lower resolution 
imaging technique. The authors indeed state in the discussion that this shoulder region 
was difficult to resolve with single particle averaging approaches suggesting that this 
region has conformational heterogeneity. It is not clear why SEM was used for the mean 
periodicity in 4B. This should be standard deviation. The figure 4 legend title indicates a 
disrupted bead region, but from the images and the text the disruption is in the shoulder 
region. 
 
9. LTBP-1 binding in Fig. 5: The authors conclude from these studies long range structural 
changes in the WMS deletion construct. But the mapped LTBP-1 binding site is actually 
quite close to this deletion, just a few domains upstream. This is in my opinion not a long 
range structural change. From the existing work of fibrillin-1 domain structures, it is quite 
well established that domains in close vicinity can affect each other structurally. The mass 
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per repeat changes after LTBP-1 is bound. This would require a repetitive and regular 
binding. How do the authors reconcile these data with previous publications showing that 
LTBP-1 is not regularly present on microfibrils (PMID 12429738 – not cited in the 
manuscript). Is LTBP-1 present in ciliary zonules? 
 
10. On page 13, the authors argue that MAGP1 is co-purified with the microfibrils. MAGP1 
localizes on or close to the beads. Can the authors determine in the cryoEM structure 
where MAGP1 is located? 
 
11. Figure 6D(ii): The authors used those antibody mappings that fit with their model. But 
importantly, mAb 201 is omitted which is expected to be on the same side relative to the 
bead than 2502. Again, this would not be consistent with the data, details are described 
above. 
 
12. The title of the manuscript does not seem to be fully appropriate for what is shown in 
this paper. Also, there is no direct TGF-beta binding site in fibrillin-1. 
 
 
Minor comments: 
13. Page 3, 2nd paragraph: should read: .. with fibrillin-1 being the predominant form in 
the adult… [because it is not the predominant form in the embryo] 
 
14. Page 4, 2nd paragraph: Binding of some integrins to fibrillin-1 has been much earlier 
identified by the Timpl and Mecham groups (PMIDs 8617364, 8617764) These should be 
cited as well. 
 
15. The use of ImageJ should be cited as the developing team requests on their website. 
 
 
 
Reviewer #2: 
Remarks to the Author: 
The 10 - 12 nm diameter fibrillin microfibrils play critical roles in connective tissue 
integrity and extracellular matrix growth factor regulation. The organisation of fibrillin 
within microfibrils has been an intractable problem since the discovery of fibrillins as the 
major components of microfibrils in 1986, and this information is needed to understand 
how microfibrils carry out their functions. This paper is very clearly written and presents 
novel information on the structure of microfibrils, at the highest resolution to date, and so 
has the potential to make a significant contribution to our understanding of how these 
structures are assembled and organised. The long-range changes in microfibril structure 
reported, caused by mutations such as the WMS deletion, are also an important 
observation that provide new insights into the mechanisms associated with growth factor 
regulation and disease pathogenesis. The data showing LTBP1 binding to microfibrils are 
important in showing that the extracted microfibrils have maintained some function as 
well as showing the relevance of changes in the structure near the bead to growth factor 
regulation. There are a few issues with the interpretation of the data, however, that I 
would recommend reviewing before publication. 
 
The cryoEM structure presented was scanned for a region that remained connected at 
increasing threshold levels, and the region identified was found to be similar in structure 
to the SAXS data obtained for fibrillin-1 fragment PF2 (domains TB1-TB2). The authors 
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suggest that this region of the cryoEM structure spans domains TB1-cbEGF6 based on the 
SAXS data and the identification of a protease-resistant region between domains EGF4 
and TB2. Considering that structures within the assembled microfibril may be different to 
that seen in solution by SAXS, and that it has previously been suggested (Kuo et al., 2007 
J. Biol. Chem. 282:4007; Hubmacher et al., 2008 PNAS 105: 6548) that the C-terminal 
domains form the core of the microfibril, how confident are the authors that the blue 
structure in figure 3A isn't another part of fibrillin-1, for example domains TB7-cbEGF41? 
This combination of a TB domain followed by cbEGF repeats may give a similar structure 
to that expected for TB1-cbEGF6, (depending on the conformation of the proline-rich 
region). Also, is it possible that the protease-resistant sites in domains EF4-TB2 are 
masked through some other interactions instead of being buried in the bead, and that 
domains TB1-cbEGF6 might instead be found in the grey areas shown in figure 3E? This 
would still be consistent with the antibody mapping data using mAb2502 and mAb1919, 
which give clear constraints on the positions of domains TB1-PRR and cbEGF7-hyb2. 
 
The data in figure 4 is interesting because it shows that fibrillin-1 mutations can lead to 
long-range structural effects in microfibrils that may affect growth factor binding, which 
follows directly from the positioning of domains TB1-cbEGF6 to the bead region. This may 
reflect my lack of experience with the technique, but would it be possible to repeat the 
cryoEM work with the WMS mutant microfibrils to get a more detailed look at the 
structure? This isn't essential for this paper but would be an interesting comparison of the 
wild type and mutant forms at high resolution, and may help confirm whether the 
structure identified in the bead is the TB1-cbEGF6 region since the WMS mutant lacks 
domains TB1-EGF4. 
 
In the discussion, the authors mention that the model produced for the bead structure is 
consistent with the presence of a transglutaminase cross-link between domains cbEGF5 
and TB7 as well as an interaction observed between the N-terminal region and domains 
TB5-TB6. I'm not sure that it's clear that the transglutaminase cross-link described by 
Qian et al. occurs within individual microfibrils, or if it occurs as part of the stabilisation of 
microfibril bundles as tissues mature, so its utility as a constraint for fibrillin organisation 
in microfibrils may be limited. There should also be some mention in the discussion on 
how the described model fits with other observations of interactions between the N and C 
termini of fibrillin-1, including the electron microscopy data from Lin et al. 2002 (J. Biol. 
Chem. 277:50795) showing head-to-tail alignment of monomers, and the protein 
interaction data in Marson et al. 2005., (J. Biol. Chem. 280:5013) and Yadin et al. 2013 
(Structure 21:1743). Marson et al. show two distinct N-N interactions (one involving 
possible folding at the proline-rich region), and both Marson et al. and Yadin et al. 
describe interactions involving the N terminus and specific C-terminal cbEGF domains. 
There should also be some discussion on the work of Hubmacher et al., 2008 PNAS 105: 
6548 in terms of how this relates to the positioning of the C-terminal domains in the 
model and their role in the early stages of microfibril assembly. 
 
Some minor points: 
In the Western blot in Figure 2 B(ii), the PF2 and PF5 lanes are repeated. Also, the PF5 
samples appear to behave differently with a band appearing in the non-reducing lane of 
one sample (left-hand side) but not the other (right-hand side). This should be corrected. 
 
Would it be possible to colour panel D in figure 3 to reflect its relationship to the 
structures in panel B (i.e., what is going where)? 
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The position of the mAb69 binding site in figure 6 suggests that this antibody recognises 
the bead region of the microfibril, but the data in Reinhardt et al. 1996 (J. Mol. Biol. 258: 
104-116) shows that this antibody binds to the side of the beads. The mAb69 epitope is 
also more narrowly defined as being between domains TB6 and TB7 in Kuo et al 2007 J. 
Biol. Chem. 282:4007. 
 
 
 
Reviewer #3: 
Remarks to the Author: 
This paper describes the structure of fibrillin microfibrils derived from single particle 
analysis of cryo-EM data combined with EM data from antibody labelling and mutated 
systems. Fibrin microfibrils represent an important system of considerable biological and 
medical relevance and establishing their detailed structure is of widespread interest. The 
paper which is well written and clearly presented describes a number of novel structural 
insights. Nevertheless, the 3D map of the fibrillin bead region, which represents the major 
finding of the current work is rather limited in detail and this introduces significant 
ambiguity into the interpretation. 
Detailed points. 
1) The authors apply C2 symmetry in their 3D analysis of the fibrillin bead region. This 
should be justified. It is important to avoid applying a pseudosymmetry which would result 
in loss of information. It might be useful to conduct an independent analysis with no 
applied symmetry and comparing this with the C2 map as an aid to clarifying the situation. 
The authors also identify a C8 pseudosymmetry of fibrillin monomers, but avoid applying 
C8. 
2) The authors interpret extended densities in their bead region map as the N-terminal 
regions of fibrillin monomers. The map is itself quite complex being described by the 
authors as an interwoven structure. In this situation it can be quite tricky to correctly 
identify the correct connectivity of an individual extended molecule such as fibrillin. The 
authors assignment appears to have been based on identifying a feature which retains its 
connectivity at high threshold. I’m not sure that this is necessarily a reliable criterion for 
assigning protein density. I think the assignment of well resolved arm-like filamentous 
densities away from the body of the bead to fibrillin is reasonable. However, within the 
bead itself it there appears to be quite a complex network of densities and it would help to 
have some additional support for the current interpretation or perhaps to critically 
evaluate alternative arrangements. 
3) Having assigned the chosen density regions to fibrillin molecules the authors compare 
these regions to a SAXS based structural model. This is illustrated for one of the fibrillin 
molecules in figure 3c. Here the overall dimensions and curvature of the segmented region 
of the map matches the model quite well. However, the correspondence between the map 
and the assigned component domains of fibrillin is very limited. I think this needs to be 
discussed within the context of the resolution of the analysis. The authors estimate an 
overall resolution of 9.7 Angstroms to their map of the microfibril bead. At this resolution I 
would expect the densities for the individual EGF and TB domains to closely match their 
model structures which is clearly not the case in figure 3c. Perhaps an analysis of local 
resolution might clarify this apparent contradiction. 
4) On page 9 the authors suggest that flexibility in the arm domains may have led to loss 
of density in their analysis. In the case of conformational variability of this nature it may 
be helpful to explore various types of classification (local and global) in order to resolve 
individual conformers. Was this attempted? 
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Author Rebuttal to Initial comments   

 
Response to reviewers’ comments 
The authors thank the reviewers for their helpful comments and suggestions. We have addressed 
each point as follows. 
 
Reviewer #1: 
Major comments: 
1. microfibrils from ciliary zonules which are basically elastin-free microfibrils and very few 
binding proteins have been identified for those microfibrils. Ciliary zonules likely have an entirely 
mechanical function in the accommodation of the lens, whereas other microfibrils in blood 
vessels and bone likely have different functions and are presumably structurally somewhat 
different. It is clear that bovine ciliary zonules have been used, because it is feasible to purify 
them but the aspects above have not been made clear in the manuscript. 
 
The reviewer is correct in that the microfibrils used for cryoEM are from bovine ciliary zonules. 
This is because the ciliary zonule is a very pure source of fibrillin microfibrils and so purification 
does not require the use of proteases which can degrade the microfibrils. We have made this 
point clearer at the start of the results section by adding a sentence “Microfibrils were isolated 
from bovine ciliary zonule as it is a very pure source of fibrillin microfibrils and so purification does 
not require the use of proteases which can degrade the microfibrils.” There are some microfibril 
binding proteins in CZ microfibril preparations including MAGP1, EMILIN, LTBP2, ADAMTSL4 
and fibulin-2 (De Maria et al., 2018 and confirmed with our own analysis) but the reviewer is 
correct that elastin is not found in the ciliary zonules. Our ultrastructural analysis of microfibrils 
from different tissues has found that the microfibril backbone is consistent between tissues with 
only minor differences. This backbone should serve as a conserved deposition scaffold for 
tropoelastin and adaptor molecules such as LTBPs or fibulins where the amounts of microfibril-
binding proteins may differ in a tissue-specific manner. However, this study is aimed at getting 
insight into the fundamental microfibril structure and therefore, ciliary zonule derived microfibrils 
are well suited for this structural investigation as they can be purified without protease digestion; 
they only contain fibrillin-1 and have a limited number of microfibril associated-proteins. We have 
added this point to the first paragraph of the discussion to make this point clearer. 
 
2. The authors claim in Fig. 1E for the bead region that individual fibrillin molecules can be seen. 
It is not clear in this figure how the authors distinguish between fibrillin and other potential 
proteins present in the bead. 
 
The 3D reconstruction of the bead region is constructed from more than 7,000 microfibril 
“particles” so the density observed in the reconstruction is present in all 7,000 microfibrils that 
contribute to the reconstruction. It is unlikely that a binding partner would be present in every 
microfibril and therefore wouldn’t contribute to the reconstruction. For this reason, this is why we 
think this core microfibril structure is composed of fibrillin, and as microfibril associated proteins 
are likely present in a low stoichiometry (suggested from MS peptide count compared to fibrillin 
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peptides), they wouldn’t be detected in the overall reconstruction. We’ve now added a sentence 
on page 6 of the manuscript to explain this point. 
 
3. The arm structure in Fig. 1A-C has been previously published by this group, albeit with a 
lower resolution (Godwin et al. JMB 430, 2018). The current analysis confirms the bead, arm, 
interbead regions and includes a new shoulder region. However, this shoulder region could be 
visualized in the previous paper, albeit it was not named like that. What is also better visible 
here are the details of the arms. But some of these aspects appear like a confirmation of 
previous data. 
 
Our previous paper combined serial blockface SEM, electron tomography and negative stain TEM 
to understand the hierarchical organisation of fibrillin microfibrils in ciliary zonules. Negative 
staining is associated with artefacts including dehydration and flattening of the sample. Here we 
report the first frozen hydrated structure of a fibrillin microfibril (or indeed any extracellular matrix 
fibrillar polymer) which for the first time allows visualisation of internal structure of the microfibril 
at sub-nanometre resolution. In our previous paper, we showed the interbead region as the point 
between two beads (following the arms), and the shoulder region is adjacent to that (a shoulder 
to the bead), but sometimes the term interbead is used to mean the region between two beads. 
We’ve checked our terminology to make sure it is consistent with the labelling shown in figure 6D 
where the bead, arms, interbead and shoulder are labelled. 
 
4. Fig 2A,B: No markers are included on the Western blots and no predicted molecular masses 
are indicated for the recombinant fibrillin-1 fragments. This does not allow to validate whether or 
not the bands correlate with the expected masses. Also, no indication was provided how often 
these experiments were repeated. Some of the bands are very faint, thus it would be desirable to 
include another method for confirmation (e.g. ELISA). 
 
We apologise for the omission of markers and clear labelling of the western blots. We have 
repeated this experiment and included new blots that are clearly labelled and we have indicated 
the expected size of the protein constructs. 
 
5. mAb 2502 used in ref 36 seems to be the same than mAb 26 used in ref 13. Ref 36 states 
that this antibody does recognize human but not bovine microfibrils. On page 7, however, the 
authors infer that this antibody binds to the bovine microfibrils.  
 
It was not our intention to infer that this antibody bound to bovine microfibrils, indeed we did not 
test this in this study. The western blotting, described on page 7 was with human fibrillin-1 
fragments and this has now been clarified in the text. 
 
If the epitope is not present in bovine microfibrils, the structure is likely different compared to 
human microfibrils. 
 
Human and bovine fibrillin-1 have very similar amino acid sequences with 98% sequence 
identity. The region we have indicated that mAb 2502 recognises is 92% identical between 
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human and bovine, but presumably small differences in sequence in the epitope are sufficient 
that the antibody does not recognise bovine microfibrils. 
92.5% identity in 120 residues overlap; Score: 642.0; Gap frequency: 0.0% 
 
UserSeq1       1 DVRPGYCYTALTNGRCSNQLPQSITKMQCCCDAGRCWSPGVTVAPEMCPIRATEDFNKLC 
UserSeq2       1 DVRPGYCYTALANGRCSNQLPQSITKMQCCCDVGRCWSPGVTVAPEMCPIRATEDFNKLC 
                 *********** ******************** *************************** 
 
UserSeq1      61 SVPMVIPGRPEYPPPPLGPIPPVLPVPPGFPPGPQIPVPRPPVEYLYPSREPPRVLPVNV 
UserSeq2      61 SVPMVIPERPGYPPPPLGPVPPVQPVPPGFPPGPQIMIPRPPVEYPYPSREPPRVLPVNV 
                 ******* ** ******** *** ************  ******* ************** 
 
The second antibody mAb 1919 has also a double name between papers (11C1.3). In the 
previous paper, the description was that this antibody binds “at the interbead striation where the 
arms terminate”. However, this does not seem to match the position in Fig. 2D. 
 
What we referred to as an interbead striation from earlier negative stain images is the double-
band where the arms meet the interbead that is highlighted in figure 6 panel C. Docking into the 
cryoEM structure suggests that domains Hybrid2 and TB2 occupy this striation, which would be 
consistent with the location of the mab1919/11C1.3 epitope now mapped to within domains 
EGF-Hybrid2. Also, to note that when imaging antibody positions, an IgG molecule is ~16 nm 
long so there will be ~8nm between its centre of mass and the binding epitope. 8nm is 
approximately the length of 3-4 fibrillin-1 domains so the mapping accuracy of binding location 
will only be within a few domains. We modified the cartoon in figure 2D as this simplified 
representation did show the antibody and domain location offset to the left. 
 
6. Inspecting refs 13 and 20 for mapped antibody locations, it seems that mAb 26 (epitope in 
TB1) and mAb 201 (epitope in TB2 region) were previously mapped to microfibrils on the same 
side of the bead. The positioning of TB1 and TB2 relative to the bead as shown in Fig. 2D is not 
consistent with those results. The two antibodies in this model would map at the opposite sides 
of the bead, as well as too close to the beads, compared to published data. 
 
In our previous paper, Baldock et al JCB 2001 (ref 36), we mapped mAb2502 (mAb26) binding to 
the opposite side of the bead to mAb 11C1.3 (1919) which is why we referred to the locations of 
these antibodies. Mab 11C1.3/1919 has a similar epitope to mab 201, binding to domains 
immediately downstream of TB2. Our observation was different to the findings of Reinhardt et al., 
JMB 1996 (ref 13) where the double-labelling of mAb26 and mAb201 indicated that mAb26 and 
mAb201 are on the same side of the bead. In trying to reconcile this difference, we considered 
the samples used for these studies, where purified adult human ciliary zonule microfibrils were 
used in ref 36 and microfibrils in human neonate foreskin tissue were immuno-labelled enbloc in 
ref 13. There are data supporting conformational changes and microfibril maturation over time, 
where some antibodies only recognise a mature fibrillin microfibril matrix in culture (ref 36). We 
considered whether the N-terminus could be flexible, particularly in developing or immature 
microfibrils, which could explain these differences in the location of the TB1 domain. Given the 
differences in the data on the position of mAb 2502, and as suggested by reviewer 2, we have 
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provided an alternative path through the bead region, where the C-terminal region could 
contribute to the central bead core, with the N-terminus occupying the outer layer of the bead. In 
this arrangement, perhaps conformational variability would enable the TB1 domain to occupy a 
position closer to TB2 which would reconcile both antibody mapping observations. We have now 
modified the legend to figure 2D to indicate these are the relative locations of mAbs 2502 and 
1919 in adult CZ microfibrils, we’ve modified figure 3 to add an additional panel showing an 
alternate path through the bead and added to the text details of this arrangement making 
reference to differences in mAb2502/26 location (new paragraph on pages 9/10). We have also 
removed panel D from figure 6, which showed possible domain positioning in microfibril packing 
models. Instead, in a new figure 8 we have removed reference to packing models and antibody 
mapping, and instead provided simplified schematics of microfibril assembly and overlaid domain 
assignments from the domain deletions, docking and integrin αVβ3 binding (new figure 7). 
 
7. The authors refer to a proteomic study for Fig. 2 showing the lack of peptides from domains 
EGF4-TB2 after elastase digestion (ref 38). The lack of peptides in this region could simply be a 
consequence of the lack of elastase recognition sites. To arrive at this conclusion with 
confidence, it would be necessary to perform such experiments with several proteases and 
more importantly with low specificity proteases such as trypsin or similar proteases to make 
sure that there are definitely cleavage sites in this region. Overall, the positioning of the fibrillin-1 
stretch shown in Fig. 2D is not fully justified.  
 
Eckersley et al, JBC (ref 38) made a detailed analysis of the comparative peptide hits from 
elastase and Smart digestion (which utilises trypsin) to determine which approach yields more 
peptides from fibrillin microfibrils from different tissues. This paper reported that elastase digestion 
was more successful than trypsin in yielding more peptide hits for fibrillin. Indeed, in the region 
from EGF4-TB2 there are 29 predicted cleavage sites for elastase and 26 for trypsin so the lack 
of peptides from this region is not due to lack of protease recognition. Furthermore, studies by 
Cain et al 2006 which used trypsin rarely detected peptides from this region which suggests in 
non-denaturing conditions, it is inaccessible to proteolytic enzymes and buried within the 
microfibril structure. When microfibrils are extracted in denaturing conditions, peptides from this 
region are present (De Maria et al, 2017) which suggests that this region is present but buried 
and inaccessible in native conditions. As mentioned in the response above we have also offered 
an alternative scenario in figure 3C(ii) where the C-terminal region may occupy this central core 
and N-terminal region be on the outside of the bead. 
 
8. The authors used negative staining in Fig. 4 to analyze microfibrils from skin of mice with 
deletions in the N-terminal region. The authors point out very minor differences close to the bead 
in these images. I am not convinced whether these differences are true differences or whether 
these are variations due to the low sample numbers and the lower resolution imaging technique. 
The authors indeed state in the discussion that this shoulder region was difficult to resolve with 
single particle averaging approaches suggesting that this region has conformational 
heterogeneity.  
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Although negative stain is lower resolution, it is much higher contrast than cryoEM and in an 
averaged image of >450 repeats, it shows the main microfibril features are conserved between 
all samples. The negative staining is also sensitive enough to show differences in periodicity 
commensurate with the absence of 1 or 3 domains, respectively. In the averaged images, the 
main difference was in the shoulder region. This region has conformational flexibility that prevents 
high-resolution reconstruction by cryoEM due to the challenges in aligning this region with 
Angstrom precision in low contrast images. However, the increased contrast in negative stain 
images and nanometre-resolution means that class averages of the shoulder region from control 
microfibrils shows a discrete banding which is absent in both mutants so we are confident in the 
differences observed in figure 4 in the mutant microfibrils. 
 
It is not clear why SEM was used for the mean periodicity in 4B. This should be standard deviation. 
 
We have changed the chart in figure 4B to show the error bars as standard deviation.  
 
The figure 4 legend title indicates a disrupted bead region, but from the images and the text the 
disruption is in the shoulder region. 
 
This has now been corrected. 
 
9. LTBP-1 binding in Fig. 5: The authors conclude from these studies long range structural 
changes in the WMS deletion construct. But the mapped LTBP-1 binding site is actually quite 
close to this deletion, just a few domains upstream. This is in my opinion not a long range 
structural change. From the existing work of fibrillin-1 domain structures, it is quite well established 
that domains in close vicinity can affect each other structurally. The mass per repeat changes 
after LTBP-1 is bound. This would require a repetitive and regular binding. How do the authors 
reconcile these data with previous publications showing that LTBP-1 is not regularly present on 
microfibrils (PMID 12429738 – not cited in the manuscript). Is LTBP-1 present in ciliary zonules? 
 
The LTBP1 binding site (EGF2-3-hybrid1) is 2-4 domains upstream of the three domains deleted 
in WMS (TB1-PRR-EGF). This correlates to a length-scale of ~50-100 Angstrom, which in terms 
of protein structure is a long-range perturbation ie not within the one domain but effecting a distal 
interaction. We have reworded the text on page 14 to make this clearer “The LTBP-1 binding 
epitope is 2-4 domains upstream of the domains deleted in WMS [27], this further supports longer-
range structural rearrangements perturbing a binding site at least 50 Å away when these domains 
are deleted.” 
For the experiment showing LTBP1 binding to microfibrils, we added exogenous LTBP1 to 
microfibrils to show where the LTBP1 binding site is on the microfibril, and the stoichiometry of 
binding when added at a molar excess which results in regular, repetitive binding to microfibrils. 
We agree that LTBP1 is not an integral component of a microfibril (Isogai et al., 2003 – citation 
now included in the manuscript and stated on page 14 that LTBP-1 is not an integral microfibril 
component), rather that it can bind to microfibrils and we can show where the binding site is 
located. This is in agreement with Isogai et al and Ono et al (ref 25) who showed that recombinant 
fibrillin molecules bind to LTBP1, but to the best of our knowledge, this is the first time it has been 
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shown that LTBP1 also binds to assembled microfibrils. LTBP1 is not detected in MS analysis of 
our microfibril purifications, consistent with published data that indicate it is only present as a very 
minor component of ciliary zonules (0.025%) (De Maria et al IOVS 2017), indicating that the 
LTBP1-binding sites would be unoccupied. We have now added a sentence the results “LTBP1 
is not present (or only at very low abundance) in the ciliary zonules and so does not co-purify with 
these microfibrils”. We also mention in the discussion, that LTBP2 is present in our microfibril 
purifications, so some of the LTBP binding sites may be occupied by LTBP2, which could be why 
the stoichiometry is not higher. 
 
10. On page 13, the authors argue that MAGP1 is co-purified with the microfibrils. MAGP1 
localizes on or close to the beads. Can the authors determine in the cryoEM structure where 
MAGP1 is located? 
 
Published MS datasets show the presence of MAGP1 (MFAP2) in a range of tissues including 
ciliary zonules, and we detect peptides from MAGP1 in our samples so it does co-purify with 
microfibrils, consistent with studies that have shown it is a major antigen associated with 
microfibrils (Gibson et al., 1986)(references now added to page 13). However, MAGP1 is only 19 
kDa, in comparison with ~300 kDa for a fibrillin molecule and 2.5 MDa for a microfibril period. We 
assume that MAGP1 is present in the microfibril but cannot be visualised in the reconstruction 
due to its size. This is consistent with our previous unpublished observations where single particle 
class averages of microfibrils from MAGP1-/- mice are indistinguishable from WT microfibrils. The 
Alphafold prediction of the structure of MAGP1 suggests that over half of the molecule is 
unstructured and as such this inherent flexibility would not contribute to the 3D reconstruction. 
We’ve now added a sentence of page 6 to explain that we don’t observe MAGP1 in the structure.  
 
11. Figure 6D(ii): The authors used those antibody mappings that fit with their model. But 
importantly, mAb 201 is omitted which is expected to be on the same side relative to the bead 
than 2502. Again, this would not be consistent with the data, details are described above. 
 
Also see response to point 6 above. We have removed panel D from figure 6, which showed 
possible domain positioning in microfibril models. In new figure 8 we have instead overlaid domain 
assignments from the domain deletions, docking and integrin αVβ3 binding and removed 
reference to packing models and antibody mapping. 
 
12. The title of the manuscript does not seem to be fully appropriate for what is shown in this 
paper. Also, there is no direct TGF-beta binding site in fibrillin-1. 
 
We have modified the title to specify latent TGFβ ie: Fibrillin microfibril structure identifies long-
range effects of inherited pathogenic mutations affecting a key regulatory latent TGFβ-binding 
site. 
 
Minor comments: 
13. Page 3, 2nd paragraph: should read: .. with fibrillin-1 being the predominant form in the adult… 
[because it is not the predominant form in the embryo] 
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This has been added 
 
14. Page 4, 2nd paragraph: Binding of some integrins to fibrillin-1 has been much earlier identified 
by the Timpl and Mecham groups (PMIDs 8617364, 8617764) These should be cited as well. 
These citations have been added 
 
15. The use of ImageJ should be cited as the developing team requests on their website. 
This citation has been added 
 
Reviewer #2: 
Considering that structures within the assembled microfibril may be different to that seen in 
solution by SAXS, and that it has previously been suggested (Kuo et al., 2007 JBC 282:4007; 
Hubmacher et al., 2008 PNAS 105: 6548) that the C-terminal domains form the core of the 
microfibril, how confident are the authors that the blue structure in figure 3A isn't another part of 
fibrillin-1, for example domains TB7-cbEGF41? Also, is it possible that the protease-resistant sites 
in domains EF4-TB2 are masked through some other interactions instead of being buried in the 
bead, and that domains TB1-cbEGF6 might instead be found in the grey areas shown in figure 
3E? This would still be consistent with the antibody mapping data using mAb2502 and mAb1919, 
which give clear constraints on the positions of domains TB1-PRR and cbEGF7-hyb2. 
 
At this resolution, it is challenging to unambiguously identify domain positioning on docking alone, 
which is why we utilised data from mouse models with domain deletions and antibody mapping 
data in our modelling. As we explain in our response to reviewer 3 below, the density protruding 
from the bead is connected and contiguous with the arm region, so we are confident with our 
assignment of domains cbEGF5 and 6 to this density. Also, on the underside of the bead (shown 
in grey in panel 3E) is an interwoven base which could form a platform for interactions to form, so 
there are other structures in the bead playing an important role that could be the C-terminal region. 
However, we acknowledge that it is possible that the domains preceding cbEGF5 and 6 could 
take a different path through or around the bead. We have therefore presented an alternative 
scenario where the core of the bead contains N- and C-terminal interacting regions in Figure 
3C(ii). We have added an additional paragraph in the results text “Due to the dense molecular 
packing in the bead region and lower local resolution in the bead core region (Supplementary 
Figure 5), it is possible that the molecules in the core of the bead take a different path through the 
centre of the bead. Antibody binding data have previously shown that both the N- and C-terminal 
regions of fibrillin are also located near to the bead [13, 38] and the C-terminal half of fibrillin-1 
has been shown to self-assemble into “bead-like” multimers which has been suggested to initiate 
microfibril assembly [16]. Therefore, we modelled an alternate path through the bead core, where 
the central core may be composed of N- and C-terminal interacting regions (Figure 3Cii) 
consistent with antibody mapping data [13, 38].” We have also added a new schematic 
representation in figure 8, where we state the C-terminal region plays an important role in 
assembly (citing Hubmacher et al., 2008) with a cartoon representation of the N- and C-terminal 
regions intertwined in the bead. 
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The data in figure 4 is interesting, but would it be possible to repeat the cryoEM work with the 
WMS mutant microfibrils to get a more detailed look at the structure? 
 
CryoEM imaging is performed on microfibrils from bovine ciliary zonules as it is a rich source of 
relatively pure microfibrils, even so the yield and number of microfibrils we can image is low 
compared to the amount of particles used in a typical cryoEM dataset. From mice, due to the 
different anatomy of the eye and very small ciliary zonule, we are unable to extract microfibrils 
from this tissue. Therefore, we extracted microfibrils from elastin/collagen VI containing tissue, in 
this case skin, which requires digestion by collagenase enzymes and even then unfortunately 
does not yield sufficient microfibrils for cryoEM data collection. Moreover, microfibrils from skin 
co-purify with collagen VI microfibrils which are very difficult to differentiate between fibrillin 
microfibrils in cryoEM images. Although this is an excellent suggestion, it is not technically 
possible to perform this experiment using cryoEM for these reasons. 
 
In the discussion… I'm not sure that it's clear that the transglutaminase cross-link described by 
Qian et al. occurs within individual microfibrils, or if it occurs as part of the stabilisation of microfibril 
bundles as tissues mature, so its utility as a constraint for fibrillin organisation in microfibrils may 
be limited. There should also be some mention in the discussion on how the described model fits 
with other observations of interactions between the N and C termini of fibrillin-1, including the 
electron microscopy data from Lin et al. 2002 (JBC 277:50795) showing head-to-tail alignment of 
monomers, and the protein interaction data in Marson et al. 2005., (JBC 280:5013) and Yadin et 
al. 2013 (Structure 21:1743). Marson et al. show two distinct N-N interactions (one involving 
possible folding at the proline-rich region), and both Marson et al. and Yadin et al. describe 
interactions involving the N terminus and specific C-terminal cbEGF domains. There should also 
be some discussion on the work of Hubmacher et al., 2008 PNAS 105: 6548 in terms of how this 
relates to the positioning of the C-terminal domains in the model and their role in the early stages 
of microfibril assembly. 
 
We have amended the discussion and the model figure (was figure 6D, now new figure 8), to 
suggest how the interactions mapped using recombinant protein fragments could occur in 
microfibril assembly and/or within the structure of the mature microfibril. We’ve included the 
suggested references, where initial steps may be head-to-tail assembly mediated by the very 
terminal domains as described by Yadin et al. We think the N- and C-terminal interactions within 
the bead are more extensive than just the terminal domains, so secondary events may then give 
rise to more extensive N- and C-terminal interactions, consistent with data from Marson et al 2005 
and Chaudhry et al. 2007. Certainly, lateral assembly and multimerisation to form the microfibril 
are important events and the C-terminal region seems to play an important role in this so we have 
suggested an alternative path through the bead in Figure 3Cii, as mentioned above, where the C-
terminal domains could form the core of the bead which would be consistent with the behaviour 
of the recombinant C-terminal region as visualised by Hubmacher et al 2008. 
 
Some minor points: 
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In the Western blot in Figure 2 B(ii), the PF2 and PF5 lanes are repeated. Also, the PF5 samples 
appear to behave differently with a band appearing in the non-reducing lane of one sample (left-
hand side) but not the other (right-hand side). This should be corrected. 
 
We have repeated the western blotting, also in response to review 1 point 7. 
 
Would it be possible to colour panel D in figure 3 to reflect its relationship to the structures in panel 
B (i.e., what is going where)? 
 
We have recoloured panels D and E in figure 3 following this suggestion. 
  
The position of the mAb69 binding site in figure 6 suggests that this antibody recognises the bead 
region of the microfibril, but the data in Reinhardt et al. 1996 (JMB 258: 104-116) shows that this 
antibody binds to the side of the beads. The mAb69 epitope is also more narrowly defined as 
being between domains TB6 and TB7 in Kuo et al 2007 JBC 282:4007. 
 
We have removed panel D from figure 6 and instead included a new figure 8 which does not show 
antibody mapping. 
 
 
Reviewer #3: 
1) The authors apply C2 symmetry in their 3D analysis of the fibrillin bead region. This should be 
justified. It is important to avoid applying a pseudosymmetry which would result in loss of 
information. It might be useful to conduct an independent analysis with no applied symmetry and 
comparing this with the C2 map as an aid to clarifying the situation. The authors also identify a 
C8 pseudosymmetry of fibrillin monomers, but avoid applying C8. 
 
In our previous analysis of fibrillin microfibrils using negative staining and TEM, we showed that 
different regions of the microfibril had symmetry. We analysed the sub-structures within the 
microfibril for symmetry, and rotational cross-correlation plots of the sub-structures for the bead, 
arm and interbead regions revealed higher-order pseudo-symmetries within the microfibril. 
Consequently, these regions were further refined applying 2-fold symmetry along the microfibril 
axis (Godwin et al., JMB 2018). We have checked in cryoEM that the symmetry is still present, 
we generated orientation correlation plots of C1 and C2 maps by rotating each about the 
z/symmetry axis. The initial C1 map had a self-correlation of 0.81 at 180 degrees which supported 
2-fold symmetry.  
 
We used C2 symmetry for the final bead map. The rotational cross-correlation plot of the C2 map 
shows the imposed 2-fold symmetry as a self-correlation of 1.0 when rotated by 180 degrees, and 
weaker 8-fold symmetry relationships are also apparent. A more stringent orientation analysis 
comparing 2 independent half maps, rotated at different relative orientations about the symmetry 
axis, gave a correlation of 0.84 at 180 degrees (and at zero degrees).  
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The lower correlations and less well-defined peaks indicate that the 8-fold is a pseudo rather than 
a true symmetry; and processing the data in higher symmetries led to degradation of features in 
the map and reduced resolution. We have now included these data in a new supplementary figure 
4 and added reference to this in the results and methods sections. 
 
2) The authors interpret extended densities in their bead region map as the N-terminal regions 
of fibrillin monomers. The map is itself quite complex being described by the authors as an 
interwoven structure. In this situation it can be quite tricky to correctly identify the correct 
connectivity of an individual extended molecule such as fibrillin. The authors assignment 
appears to have been based on identifying a feature which retains its connectivity at high 
threshold. I’m not sure that this is necessarily a reliable criterion for assigning protein density. it 
would help to have some additional support for the current interpretation or perhaps to critically 
evaluate alternative arrangements. 
 
We agree with the reviewer that it is tricky to thread the molecule through the densely packed 
structure of the bead. However, we can see the density in the lower part of the bead (where we 
have docked domains cbEGF5 and 6) connecting to and contiguous with the arm region where 
docking continuous with domain TB2 onwards (as seen in Fig 6C). Docking the upstream domains 
from cbEGF4 to TB1 into the bead core positions domain TB1-PRR on the other side of the bead 
consistent with both antibody labelling and the sites of perturbation for WMS (TB1-PRR-EGF) and 
hybrid1 domain deletions (Figure 4). This docking is also consistent with our published antibody 
binding data for the downstream domains and the binding site for integrin αVβ3 in domain TB4 in 
the interbead of the microfibril (new data in Figure 7). Nevertheless, at this resolution there could 
be some ambiguity in assigning the domain path and reviewer 2 makes a good point regarding 
the relative location of the N- and C-terminal regions in the bead and the path they may take. 
Therefore, although our docking in Figure 3C(i) is our preferred model based on other 
experimental data, we have indicated in a new figure panel 3C(ii), that there could be an 
alternative path around the outer-layer of the bead. This other arrangement would still have 
domains cbEGF5 and 6 connecting to the arm region and not change the arrangement of the 
molecule within the microfibril and still correlate with the locations of functional epitopes ie latent 
TGFβ, the WMS-disease causing deletion and integrin binding. 
 
3) Having assigned the chosen density regions to fibrillin molecules the authors compare these 
regions to a SAXS based structural model. This is illustrated for one of the fibrillin molecules in 
figure 3c. Here the overall dimensions and curvature of the segmented region of the map 
matches the model quite well. However, the correspondence between the map and the 
assigned component domains of fibrillin is very limited. I think this needs to be discussed within 
the context of the resolution of the analysis. The authors estimate an overall resolution of 9.7 
Angstroms to their map of the microfibril bead. At this resolution I would expect the densities for 
the individual EGF and TB domains to closely match their model structures which is clearly not 
the case in figure 3c. Perhaps an analysis of local resolution might clarify this apparent 
contradiction. 
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At this resolution, the EGF and TB domains appear quite similar, they are both small domains 
with limited secondary structure. Analysis of the local resolution with cryoSPARC suggests that 
the resolution of the inner core of the bead is lower than the outer regions, which could explain 
the lack of more detailed features in this region. We have included the analysis of local 
resolution in a new supplementary figure 5 and in the results page 9 we have added an 
additional paragraph which mentions the lower local resolution in the bead core and possibility 
of alternate pathway around the bead (see also response to reviewer 2). 
 
4) On page 9 the authors suggest that flexibility in the arm domains may have led to loss of 
density in their analysis. In the case of conformational variability of this nature it may be helpful 
to explore various types of classification (local and global) in order to resolve individual 
conformers. Was this attempted?  
 
Yes, we did try local classification of the bead and arm regions to see if alternative conformations 
were present. Local 3D classification was performed in Relion but did not result in any classes 
which were grossly different in structure. However, this does not necessarily exclude 
conformational variability, as the overall data set had a relatively small number of particles in the 
final refinement, which meant that each class only had a few constituent particles which led to the 
individual 3D classes being much lower resolution. 
 
 

Decision Letter, first revision: 
 
  
Message: Our ref: NSMB-A45775A 

 
30th Sep 2022 
 
Dear Dr. Baldock, 
 
Thank you for submitting your revised manuscript "Fibrillin microfibril structure identifies 
long-range effects of inherited pathogenic mutations affecting a key regulatory latent 
TGFβ-binding site" (NSMB-A45775A). It has now been seen by the original referees and 
their comments are below. The reviewers find that the paper has improved in revision, 
and therefore we'll be happy in principle to publish it in Nature Structural & Molecular 
Biology, pending minor revisions to satisfy the referees' final requests and to comply with 
our editorial and formatting guidelines. 
 
We are now performing detailed checks on your paper and will send you a checklist 
detailing our editorial and formatting requirements in about two weeks. Please do not 
upload the final materials and make any revisions until you receive this additional 
information from us. 
 
To facilitate our work at this stage, we would appreciate if you could send us the main text 
as a word file. Please make sure to copy the NSMB account (cc'ed above). 
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Thank you again for your interest in Nature Structural & Molecular Biology Please do not 
hesitate to contact me if you have any questions. 
 
Sincerely, 
Sara 
 
Sara Osman, Ph.D. 
Associate Editor 
Nature Structural & Molecular Biology 
 
 
Reviewer #1 (Remarks to the Author): 
 
All the criticisms have been adequately addressed in the revision. 
 
 
Reviewer #2 (Remarks to the Author): 
 
In the revisions of this paper, the authors have thoroughly addressed the concerns I 
raised in my initial review. However, there are just a few minor points that I think should 
be looked at before publication. 
 
In the abstract, on line 34, the authors mention that this work reveals the "detailed cryo-
EM structure of native fibrillin microfibrils". While the work is novel, and a much-needed 
contribution to our understanding of the structure of microfibrils, the statement suggests a 
higher level of resolution than has been achieved. I would perhaps tone this down to 
something like "a detailed structural analysis of native microfibrils by cryo-EM". 
 
On line 86 of the introduction, I would replace "syndecans" with "heparan sulphate 
proteoglycans" because, although this has been strongly suggested, no direct observation 
of an interaction between syndecans and fibrillins has been made (at least as far as I 
know). 
 
In the results section, in the work to narrow down the epitope of the mAb2502 antibody, 
it's not clear why domain EGF4 has been left out of the antibody binding site. According to 
the data presented, all of the fibrilin-1 fragments that are recognised by mAb2502 contain 
EGF4 but it has been left out of the red box in Figure 2. Similarly, it's not clear from the 
information provided why domains cbEGF10 - TB3 have been left out of the epitope 
mapped for mAb1919. If there is data from other work supporting this then it might be 
worth referring to it more explicitly for extra clarity. 
 
In the legend to figure 3, line 270, I think there may be a mix up. It says that an 
alternative representation, where the C-terminal region (red) could be the inner core, is 
on the left of panel C (ii), but in the figure it is shown on the right. 
 
In figure 7, in the bottom panel showing where the integrin headpiece seems to be binding 
to microfibrils, I would suggest increasing the size of the arrows indicating the binding 
site. As it is, the red marks appear to be very close to the bright region of the EM image 
(which seems to be another bead), which makes it confusing when you then look at figure 
8 to find that the integrin binding TB4 domain is clearly located much further into the 
interbead region. 
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In figure 8, there's mention of domains cbEGF43-45 (line 473), which should be corrected 
(changed to cbEGF41-43) as fibrillin only has 43 cbEGF domains. This is also seen at the 
top of the image in figure 8 where there's mention of an interaction between FUN-EGF1 
and "cbEGF43-45". 
 
 
 
Reviewer #3 (Remarks to the Author): 
 
The authors have provide detailed and thorough responses to all of the issues raised by 
the reviewers and have modified their manuscript appropriately. In a number of instances 
this has led them to revise their conclusions to include alternative explanations for their 
data to those described in the original paper. This is scientifically correct: however, it does 
mean that the story they tell is less clear cut. Overall I am happy for the paper to 
published in its current form 

 
 

Author Rebuttal, first revision: 
 
We’re delighted that you are happy in principle to publish our manuscript entitled “Fibrillin 
microfibril structure identifies long-range effects of inherited pathogenic mutations affecting a key 
regulatory latent TGFβ-binding site” in Nature Structural & Molecular Biology, pending minor 
revisions. We’ve made the minor text changes suggested by reviewer 2 to our manuscript which 
are detailed below. 
 
In the abstract, on line 34, the authors mention that this work reveals the "detailed cryo-EM 
structure of native fibrillin microfibrils".... I would perhaps tone this down to something like "a 
detailed structural analysis of native microfibrils by cryo-EM".  
We have changed the wording in the abstract to that suggested by the reviewer 
 
On line 86 of the introduction, I would replace "syndecans" with "heparan sulphate proteoglycans" 
because, although this has been strongly suggested, no direct observation of an interaction 
between syndecans and fibrillins has been made. 
We have replaced "syndecans" with "heparan sulphate proteoglycans" as suggested 
 
In the results section, in the work to narrow down the epitope of the mAb2502 antibody, it's not 
clear why domain EGF4 has been left out of the antibody binding site. … Similarly, it's not clear 
from the information provided why domains cbEGF10 - TB3 have been left out of the epitope 
mapped for mAb1919. 
The original epitopes for mAB2502 and mAb1919 were taken from the manufacturer’s data, this 
has been clarified in the legend to extended data figure 2.  
 
In the legend to figure 3, line 270, I think there may be a mix up. It says that an alternative 
representation, where the C-terminal region (red) could be the inner core, is on the left of panel 
C (ii), but in the figure it is shown on the right. 
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The legend has now been corrected to indicate it’s the right panel in figure Cii. 
 
In figure 7, in the bottom panel showing where the integrin headpiece seems to be binding to 
microfibrils, I would suggest increasing the size of the arrows indicating the binding site.  
We have increased the size of the arrow as suggested. 
 
In figure 8, there's mention of domains cbEGF43-45 (line 473), which should be corrected 
(changed to cbEGF41-43) as fibrillin only has 43 cbEGF domains. 
This has been corrected in the legend and figure to cbEGF41-43 
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