Dear Dr. Uversky, 

Thank you for letting us resubmit the manuscript:

 “Expression, refolding and spectroscopic characterization of Fibronectin type III (FnIII)-homology domains derived from human Fibronectin Leucine Rich Transmembrane Protein (FLRT)-1, -2, and -3”.
 
We have now addressed the reviewer’s comments, and you find our answer to you and the reviewers below. We are thankful for the constructive comments, and we think that you and the reviewer will find the manuscript improved after incorporation of comments. 

Best regards, 

Kim Krighaar Rasmussen






























Editor’s Comments 

Although reviewer #1 was very positive, reviewers #2 and #3 raised several critical issues that need to be addressed.

We are thankful to the reviewers for their insightful comments and suggestions, which has led to a greatly improved presentation of the research. In the revised manuscript we have made several major revisions. First of all we have rewritten both mass spectrometry and homology modeling section. We agree with reviewers 2 and 3, respectively, that these sections were confusing and poorly written. With the revised version, we think that the sections are more clearly written. 
  
Reviewer 1
Basic reporting
Please check the manuscript for grammatical errors/typographical errors.
The manuscript has been inspected and several grammar errors and typos corrected.

Experimental design
Mention whether Figure 2 was generated using Coomassie staining or another stain?

The SDS PAGE gel was stained using InstantBLue stainer. This has been clarified in the manuscript by adding the following sentence:

Line 146-147: 
“SDS-PAGE gels were stained overnight with InstantBlue™ (Expedeon).” 

Please state clearly (in the conclusion section) how the research presented in the manuscript contributes to the understanding of FLRT biology.

To justify the manuscript contribution to FLRT biology we have now written an additional section in the conclusion section.

Line 412-418:

“Binding of FLRT proteins to FGFRs have been reported to include both extracellular and intracellular interactions (Wei et al., 2011), but our data demonstrate that FLRT FnIII domains alone are sufficient to mediate FLRT-FGFR interaction in vitro. We speculate that differences in the primary, secondary or tertiary structures of FLRT FnIII domains might contribute to different binding affinities between different members of FLRT and FGFR families, hence ensuring variability in the biological responses to FLRT-FGFR interactions.”

Validity of the findings

no comment

Comments for the author
Overall, the experiments in the manuscript are well-thought out and are presented in a logical order. 
The authors present multiple scenarios to explain the variations seen in the CD spectra obtained from the FnIII domains for FLRT2 compared to FLRT1 and 3. 
The authors also mention experiments/experimental conditions that gave negative results, which is particularly relevant if these experiments need to be replicated by another research group.
However, the relevance of the paper will be enhanced if the authors add a few lines explaining the biological significance of their work

In the introduction we have added a new section highlighting the biological significance 

Line 99-105:

“FLRT-FGFR-mediated signaling is important e.g. for craniofacial development (Wei et al., 2011) and the folding of the cerebral cortex (del Toro et al., 2017). The 3 mammalian FLRTs have different but occasionally overlapping expression patterns. Since they all can bind e.g. FGFR1 any specificities in the signaling mediated by FLRT-FGFR interactions would therefore require differences e.g. in the affinities between FLRTs and FGFRs. FLRT-FGFR interactions, and in particular the interactions between FGFRs and FLRT FnIII domains, therefore needs to be studied in more detail. “

Reviewer 2
Basic reporting
The organization of the data is fine; however, the writing is poor. There are too many typos, grammar and other small issues to fix. Figures are not labeled properly. I suggest that the authors find a professional scientific writer or native English speaker to carefully go through the manuscript.
The manuscript has been inspected and several grammar errors and typos corrected

Experimental design
The aim and scope is good, the subject of the research FnIII domains have important functions in biology. The description in methods has flaws, mainly with how the authors used thermal unfolding to determine Tm.

We agree with the reviewer that an accurate Tm determination is not carried out, as a detailed thermal unfolding model is not provided and tested. We aimed to show by the thermal unfolding experiments that there is a significant effect of DTT on folding stability, not to undertake a more rigorous thermodynamic study and analysis. We believe, that the conclusions drawn are supported by the evident effect of DTT on the approximate Tm values that are reported. 
This is now highlighted by inserting ‘~’ instead of ‘=’ when referring to Tm values. Furthermore, the treatment of the data has been clarified (see below).

Validity of the findings
The data will be good for the general public.

Comments for the author
Yang et al. presented in this manuscript a protocol for purification and subsequent biophysical characterization of three FLRT-FnIII domains. The authors managed to obtain purified FnIII domains by solubilization of inclusion bodies, Ni-NTA affinity chromatography and SEC. To validate whether the obtained proteins are folded, the authors used mass spectrometry, CD and 1H-NMR spectroscopy. The authors also explored the stability of the obtained proteins by thermal denaturation monitored by CD signal. The binding of FnIII domains to FGFR1 was also verified by SPR. The organization of the data is fine; however, the writing is poor. There are too many typos, grammar and other small issues to fix. I suggest that the authors find a professional writer or native English speaker to carefully go through the manuscript.

Aside from the small things, there are several concerns on the interpretation of the data in this manuscript. 

1.In line 39, the authors describe FLRTs as proteins located on the surface of neurons. That is just oversimplification of the situation as FLRTs are expressed elsewhere.

We agree with reviewer 2, that it was an oversimplification, and the sentence has been taken out.

2.The second problem is with mass spec experiments (table 1), that the authors used MALDI-TOF MS to characterize FLRT1 but used ESI-MS to characterize FLRT2 and FLRT3. The authors didn’t explain the logics of using different techniques to characterize different proteins. I suggest the authors to stick to ESI-MS for all 3 purified proteins or obtain both MALDI-TOF MS and ESI-MS data for all 3 proteins.

We agree with the reviewer, that the section of mass spectrometry was not clearly written. In the revised manuscript, we have only included MALDI-TOF MS for all three domains. We have tried to obtain ESI MS for FLRT1-FnIII, but for unclear reasons we could not obtain data. We think that leaving out ESI data will make the section more clear as we have MALDI-TOF data for all 3 recombinant proteins. A new figure (Fig. 3) shows the mass spectrometry results.

3. In main text line 255, the interpretation of the observed mass for FLRT1 is strange. The authors suggest that the observed mass come from two truncated forms of FLRT1, but because the protein is purified by Ni-NTA affinity chromatography, there is no reason that the His tag is truncated. Also it is unlikely that the truncation happened during purification, otherwise simply adding some protease inhibitor would solve the problem. If part of the protein got lost because of MALDI-TOF, the authors could simply switch to ESI-MS for characterization. The authors need to find a better answer to explain the observed mass for FLRT1.

The reviewer has a very valid point when questioning the C-terminal cleavage after His-tag purification. We have changed the interpretation and description of data. Also we now suggest inclusion of protease inhibitors. 

[bookmark: _GoBack]Line 408-409: “but also that protease inhibitors should be included in future studies”

4. In Figure 3 CD spectra, the authors need to add the unit for the CD signal. The correct unit should be like (deg cm2 dmol-1 res-1 x 10-3).

We have prepared a new figure with corrected units.

5. The quality of the CD spectra in Figure 3 was not good for <210 nm. Instead of PBS, a phosphate buffer without Cl - is a better choice for CD experiments.

Reviewer 2 makes a good point, but in this case we feel the choice of PBS is justified. We are aware that PBS is not the optimal buffer for CD measurements in the far UV region. The main reason for carrying out CD measurement in PBS is, that this is also the buffer used in a biological setting and for the SPR studies routinely performed in the lab. To ensure reliable data, we have truncated data at the recommended cut-off value of the PMT detector of the CD instrument is saturated (e.g. at HT = 600 V). 

6. In main text line 291, also Figure 4, the method for the determination of Tm for the 3 purified proteins is not described. Based on the description in Figure 4B-4D (the y axis was not labeled) I believe the authors took the lowest point in CD as the 100% unfolded and the highest point in CD as 100% folded. However, for the two state transition both the folded state and unfolded state have their baselines, and often times these baselines are not flat. For example in figure 4C, the protein is basically 100% unfolded at 60C, as well as at 80C, and the CD signal for these two temperatures are not the same, but they fall on the same baseline. The authors should explain further on how they determine the Tm of a protein in thermal unfolding experiments and took the baselines into consideration.

In the revised manuscript we have improved figures (y axis is now labelled) and we clearly define data treatment. We find the observed differences in protein CD signal in the presence and absence of DDT to be readily apparent. We have preferred to analyze the data in the simplest possible fashion, without mathematical fitting and introduction of additional parameters and correction terms. We therefore clearly state that the linear temperature-dependence of the CD signal of the folded and unfolded state of the proteins is not taken into account in the assessment of the approximate Tm-values.:

Line : 187-190

“The temperature-dependent CD signal was normalized to vary between 1 and 0 for the initial and final data in the series for each protein sample, representing a fully folded and fully unfolded state. The (linear) temperature dependence of folded or unfolded protein was not taken into account.“

The Tm is estimated by taking the value at y=0.5, corresponding to 50 % folded and 50 % unfolded.  

7. In main text line 293, the authors monitored both 228.5 and 213 nm for thermal unfolding experiments, but it is unclear which wavelength they used for producing Figure 4B-4D.

Reviewer 2 has a very good point, and we are thankful for the observation. We did monitor CD at both wavelengths, but we only used data measured at 228.5 nm. We have deleted the statement about 213 nm in the manuscript. 

note The reviewer has attached an annotated manuscript to this review.
The annotations by reviewer 2 have been taken into account in revision


Reviewer 3
Basic reporting
Overall a well structured report with a straightforward aim of expressing FN3 domains of FLRT for future biophysical studies. The manuscript is let down by (1) sloppy model building and (2) many instances of poor grammar and sentence construction, which often obscures the meaning, and would benefit greatly from editing. I have noted some examples below:

Line 89 “number of diseases” (plural)

line 291 should read “…..only be partially folded”
line 301 “They were even so” delete “even”
line 303 should be re-phrased, currently it does not make sense “but the tendency of a destabilized folding is evident.”
line 332 “However, an atypical thing with these FnIII domains in contrast to other known human FnIII domains is the presence of cysteines, which are located on the F and G strands (see Fig. S2).”. Needs rewriting.
line 311: what does “The order of unfolding in presence of DTT is FLRT3<FLRT2<FLRT1.” mean?
Most of these errors have been corrected or the sentences are no longer part of the manuscript.

Experimental design
The section on homology modelling is written poorly, one does not get a feel for how reliable the models are. Although the authors quote a PHYRE confidence level of 99% (based on coverage), the sequence identity with the templates ranges from 9 to 25%, and for FLRT2 the top model has only a 9% sequence ID with the template. These values are low and considered challenging for homology model building. The authors refer to secondary structure but neither sequences nor model structure are annotated with these.
Can the postulated disulphide bond be accurately modelled? e.g. is shown in fig 4A but how was this constructed?
This part of the study severely compromises the work, and should be rewritten entirely. I am skeptical of the modelling and how it should be interpreted, so at the very least more details should be shown here to convince the reader of the quality and reliability of the models, especially as the authors try to attempt to explain the thermal melting data, and also the role of a putative disulphide bridge in the domain stability.

We agree with Reviewer 3, that the homology modeling was very weakly written. We have taken the reviewer comment into account and rewritten the section of homology modeling, which we have now named 

Line 346-385 “Template-based protein structure prediction of FLRTs-FnIII domains”. 

Also we have employed a different server, the I-TASSER, which provides better validation scores. It is hopefully now also clear from the completely revised text, that we only want to show that modelling supports possible formation of a disulphide, as the Cys residues are placed close to each other, and reinforces thus the results of the effect of DTT on stability. 

Validity of the findings
See comments above - validity of experimental results is overall sound. Homology modelling section is poor.

Additional changes:
Although the reviewers have not commented on the SPR data, we have revised the section as well. The SPR data has now been expanded to include negative controls and fits and moved to supplementary, while in the main text we state that we can detect binding, however the Kd estimates need more measurement in order to have standard deviation and thus be reliable as absolute measurements.


