Changes to be made by the Author(s):
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues. The JoVE editor will not copy-edit your manuscript and any errors in the submitted revision may be present in the published version. Please use American English throughout.
	OK. Although, given the price it costs to publish in JOVE, we are astonished that the manuscripts are not copy-edited.
2. Please format the manuscript as: paragraph Indentation: 0 for both left and right and special: none, Line spacings: single. Please include a single line space between each step, substep and note in the protocol section. Please use Calibri 12 points
	OK
3. Please provide an email address for each author
	OK
4. Please include an ethics statement before your numbered protocol steps, indicating that the protocol follows the animal care guidelines of your institution.
	It has been moved from the Table of Materials to the step 2.2.3.
5. JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols (™), registered symbols (®), and company names before an instrument or reagent. Please remove all commercial language from your manuscript and use generic terms instead. All commercial products should be sufficiently referenced in the Table of Materials and Reagents. For example, TritonTM, Ultra-Turrax blender
	OK
6. Please ensure that all text in the protocol section is written in the imperative tense as if telling someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions should be described in the imperative tense in complete sentences wherever possible. Avoid usage of phrases such as “could be,” “should be,” and “would be” throughout the Protocol. Any text that cannot be written in the imperative tense may be added as a “Note.”
	We believe this is already the case. In a few instances (in points 2.1, for example), the sentence starts with “For 2 L of suspension culture…”, but continues with imperative tense (“revive and grow…”). We hope this is acceptable.
7. The Protocol should contain only action items that direct the reader to do something.
	We have sometimes included information crucial to the successful outcome of a given action item, such as “The ratio of cell pellet volume to the lysis buffer is very important for a successful tubulin purification.” in 2.2.1.4. We hope this is OK.
8. Please add more details to your protocol steps. Please ensure you answer the “how” question, i.e., how is the step performed?
	We believe that this is now the case
9. Please ensure that individual steps of the protocol should only contain 2-3 actions sentences per step.
	We believe that this is now the case
10. We do not have a separate pause paragraph. Please convert to note instead.
	This has been changed.
11. Only one note can follow one step. In the JoVE Protocol format, “Notes” should be concise and used sparingly. They should only be used to provide extraneous details, optional steps, or recommendations that are not critical to a step. Any text that provides details about how to perform a particular step should either be included in the step itself or added as a sub-step. Please consider moving some of the notes about the protocol to the discussion section.
	This has now been adapted to JOVE standards.
12. 2.2.3: Age, sex, strain of the mouse used for study.
	This information has now been added to the step 2.2.3.
13. 4: Rationale for polymerization/depolymerization in purification?
	This has now been added in the introduction:
“In this procedure, tubulin is cycled between the soluble (tubulin dimer, at 4°C) and polymerized form (microtubule, at 30°C and in the presence of GTP). Each form is separated through successive steps of centrifugation: tubulin dimers will remain in the supernatant after a cold (4°C) spin, while microtubules will be pelleted at 30°C. Furthermore, one polymerization step is carried out at high PIPES concentration, which allows to remove microtubule-associated proteins from the microtubules, and thus, from the finally purified tubulin.”
14. There is a 10-page limit for the Protocol, but there is a 3-page limit for filmable content. Please highlight 3 pages or less of the Protocol (including headings and spacing) that identifies the essential steps of the protocol for the video, i.e., the steps that should be visualized to tell the most cohesive story of the Protocol.
We have now made a separate file with all the protocol steps we think should be filmed. The same steps have been also highlighted in the manuscript file. The filmable content is less than 3 pages and it identifies all the necessary details for making the video.
15. Please include all relevant details that are required to perform the step in the highlighting. For example: If step 2.5 is highlighted for filming and the details of how to perform the step are given in steps 2.5.1 and 2.5.2, then the sub-steps where the details are provided must be highlighted.
We believe that this is the case.
16. Please ensure that the highlighted part of the step includes at least one action that is written in imperative tense.
	OK
17. Please obtain explicit copyright permission to reuse any figures from a previous publication. Explicit permission can be expressed in the form of a letter from the editor or a link to the editorial policy that allows re-prints. Please upload this information as a .doc or .docx file to your Editorial Manager account. The Figure must be cited appropriately in the Figure Legend, i.e. “This figure has been modified from [citation].”
	Not relevant to this manuscript
18. Please include all the Figure Legends together at the end of the Representative Results in the manuscript text.
	OK
19. Each Figure Legend should include a title and a short description of the data presented in the Figure and relevant symbols.
	OK
20. As we are a methods journal, please ensure that the Discussion explicitly cover the following in detail in 3-6 paragraphs with citations:
a) Critical steps within the protocol
b) Any modifications and troubleshooting of the technique
c) Any limitations of the technique
d) The significance with respect to existing methods
e) Any future applications of the technique
We believe that this has been taken into consideration.
21. Please do not abbreviate the journal titles in the references section.
This has been changed in the current version of the manuscript.


Reviewers' comments:
Reviewer #1: 
Manuscript Summary:
This manuscript describes in detail the purification of tubulin from various cell lines and mouse brain using cycles of microtubule (MT) polymerization, centrifugation, isolation of the pellet fraction, and MT depolymerization. It resembles a Nature Protocols manuscript by the same group (Souphron, J., Bodakuntla, S., Jijumon, A.S., Lakisic, G., Gautreau, A.M., Janke, C., and Magiera, M.M. (2019). Purification of tubulin with controlled post-translational modifications by polymerization-depolymerization cycles. Nature protocols 14, 1634-1660). The procedures desribed here are based on classic approaches using pig or cow brain, which contain massive amounts of tubulin. Protocols have been adapted to working with smaller quantities of tubulin.
This is a very clear description of an important procedure in the microtubule field. I have a few comments that hopefully help to further clarify the manuscript.
We thank the referee for the supportive comments on our manuscript and for corroborating with us on the importance of this procedure for the microtubule field. In fact, we were invited by the JOVE editors to prepare this publication following our publication in Nature Protocols. For this reason, the written part is of course very similar to the one you can find in Nature Protocols, but we believe that being able to film some of the crucial steps of this procedure will help fellow scientists performing this protocol successfully. 
Below, we have addressed all the concerns of this reviewer with point by point responses. 
Major Concerns:
None
Minor Concerns:
1) In the protocol the authors start out with a warning (NOTE: All the buffers used for tubulin purification should contain potassium salts and NOT sodium salts). It would be handy if the reason(s) for this warning were explained, also because other groups do use sodium salts for MT polymerization.
We thank the referee for pointing this out. The rationale behind this advice can be found here: Wolff et al., Protein Science 1996:
“Our results with taxol-polymerized tubulin and organic cations (Wolff et al., 1996), and the present findings with alkali metal cations, show that there is marked cation selectivity for increasing the rate of polymerization. Three components appear to contribute to this selectivity: (I) a background influence of the anion depending on its chaotropic potential; (2) promotion of polymerization with cation selectivity Na+ > K+ > Li+ > Cs+; and (3) an apparent inhibitory cation effect at high concentrations with a reverse rank order to that promoting polymerization, i.e., Cs+ > Li+ > K+ > Na+.”
[bookmark: _GoBack]Thus, using potassium rather than sodium salts in the protocol is preferred, as it makes tubulin polymerisation into microtubules less dependent on high tubulin concentration. We have now added the Wolff et al reference to the protocol.
2) On page 7 the authors state : "On day -10, plate these cells on six 15-cm-diameter dishes at 10 million cells per plate and grow them to confluence. This is the recommended number of cells to successfully purify tubulin from 2 L of suspension cultures (see Table of Materials)". What is actually the recommended number, the 10 million cells on day -10 or the number of cells after reaching confluence ? What is the number of cells after reaching confluence ?
We thank the referee for this question. This information has been now added to the protocol text.
“2.1.1.3.	On day -7, trypsinize and collect the cells grown to 80-90% confluence (approximately 1.8X108 cells). Collect cells from 3 dishes at a time, pellet them down (200Xg, 5 min, room temperature) and re-suspend all cells in 10 mL of DMEM medium.”
3) Point 2.2.1.4 states "Add 10 mL of lysis buffer". A bit later on page 9 the authors state : "PAUSE: Cells resuspended in lysis buffer can be snap-frozen in liquid nitrogen and stored at -80°C for two months". However, resuspension is not mentioned in point 2.2.1.4, only the addition of lysis buffer is mentioned. So what should exactly be done if one wants to pause at this stage ? I am asking this because the next step (3.1.1) is cell lysis and it is important to know what the difference is between cell resuspension and cell lysis, and whether lysed cells can be stored.
We thank the referee for pointing this. We have now made it clear in point 
“2.2.1.4	Add 1 volume (10 mL) of lysis buffer and re-suspend the cell pellet”. 
This step does not induce cell lysis. However, once the cell suspension is frozen and thawed, cell lysis will occur and will be completed by different steps of cell lysis (see section 3).
4) In step 4.4.1 the authors state : "Prepare the polymerization mix by combining 1 volume of SN3 (200 μl), 1 volume of pre-heated 1 M PIPES (200 μl, final concentration 0.5 M), 1/100th volume of 0.2-M GTP (2 μL, final concentration 1 mM), 0.5 volume of pre-heated glycerol (6 mL) in a screw-cap tube of the appropriate volume". The 0.5 volume of glycerol seems off, is it really 6 ml? And is the volume GTP (1/100th) correct?
We thank the referee for noticing this mistake. We have now corrected the values.
5) On page 20 in the Discussion section the authors state "Tubulin purified from cell lines lacks all tubulin PTMs including detyrosination". This is a rather bold statement. Many papers have used cell lines to analyze specific PTMs on MTs/tubulin, including, for example, the original observation on detyrosination (Gundersen, G.G., Kalnoski, M.H., and Bulinski, J.C. (1984). Distinct populations of microtubules: tyrosinated and nontyrosinated alpha tubulin are distributed differently in vivo. Cell 38, 779-789) was made in cell lines. Perhaps the authors can rephrase ?
In the cell lines, tubulin PTMs, including detyrosination have been so far shown to be localised only on specialised microtubule structures (such as mitotic spindles) and not on interphase microtubules (Gundersen et al Cell, 1984; Lacroix et al JCB, 2010). As in an asynchronous culture of cells the percentage of cells undergoing mitosis is around 5% (assuming a doubling time of app. 24 h and mitosis lasting app. 30 min; Schori and Sedivy, Methods, 2007), it is safe to assume that only a very small percentage of microtubules are modified. 
However, we do understand the reviewer’s concern and hence we modified the sentence: “Tubulin purified from cell lines is virtually free of tubulin PTMs.” 
Typos:
1) on page 3 : Remove . in "which. allows".
2) In the Table of materials : Remove ) at the end of the phrase "Developed by J. Frankel and M. Nelson, obtained from the Developmental Studies Hybridoma Bank, developed under the auspices of the NICHD, and maintained by the University of Iowa)"
Those have now been corrected.

Reviewer #2:
Manuscript Summary:
The manuscript describes the purification of tubulin from adherent or suspension cell lines and from single mouse brains. The lab has a lot of expertise in using the described technique and studying purified tubulin with different modifications.
Major Concerns:
None.
Minor Concerns:
There are a number of points that should be clarified to make the protocol easy to implement for other researchers.
1.1. Assuming concentrations are given as final concentration, then either leave out volumes of stock solutions added or give also the concentration of stock solutions, e.g. 200mM L-Glut (10ml 2M stock) otherwise reader might think they are asked to add 10ml of 200mM.
Following reviewer’s suggestion, we have now explicitly stated the stock concentrations to avoid any misunderstanding. 
1.4. As KOH is already used to make solution in 1.2, it might make sense to change order. Make sure to rephrase so that base is added to water rather than the other way round as the reaction is exothermic.
Preparation of KOH step has been moved up. 
1.10. Suggest suitable sizes for aliquots. 100µl might make sense here based on what is used for 1.12.
Aliquot sizes have been added.
1.12. Clarify that a fume hood is meant as hood can also refer to microbiological safety hood.
This has been clarified.
1.13. Recommend sizes of aliquots.
Aliquot sizes have been added.
1.15. 5x Laemmli is described, but 2x Laemmli used throughout method
We have now added a sentence about the preparation of 2x buffer. 
“Prepare the 2x working solution of Laemmli sample buffer by diluting the 5x stock in distilled water.”
2.1.1. Make clear how number of cells relates to number of spinner flasks and total volume of cells grown from the start. This way reader doesn't need to work backwards. As the method is here described for 2 spinner flasks, state that. Readers can then upscale as needed if they wish. However, given that the volumes are pretty small at the end assuming a 10ml pellet volume, which needs at least 3 spinner bottles of 1L each, the choice of describing growth of 2L is slightly odd. You might want to consider describing what is needed for a standard prep with 10ml pellet, describe the purification with the 6ml expected pellet volume from the two spinner bottles, or describe the amplification section per unit - i.e. 1 spinner bottle. Mention the incubator settings in the note.
We thank the reviewer for this suggestion. In fact, we described a protocol that could be adapted to tubulin preparation from different sources (cells grown as adherent or liquid cultures, or mouse brains). In these different preparations, the cell pellet and brain weights/volumes are quite different. Thus, it is not possible to choose an imaginary cell volume that suits all three different approaches. Hence, we assumed the cell pellet as 10 ml which is mathematically easy to adapt to other volumes. 
3.1.1. The technique for resuspending pellets during depolymerisation steps needs further clarification, especially as this step is so crucial for the success of the prep. Pipet up and down every 5 minutes for 10 minutes can mean different things. I assume it means three cycles of pipetting several times up and down (please specify how many times) with 5 minute breaks in-between.
We thank the reviewer for this remark. We have clarified this part by writing how many times the pipetting needs to be repeated. 
“Resuspend the microtubule pellet gently, avoid air bubbles, until the solution is completely homogeneous. Use a p1000 tip for a couple of times followed by a p200 tip every 5 min, for 20 min (five cycles of pipetting). This is a crucial step for the success of the tubulin purification.”
Such clarifications have been made throughout the manuscript.
3.2.2. see 3.1.1.
This has been clarified.
3.3.1. I think pestle might be a more common name for a potter?
We thank the reviewer for this suggestion. This has been now changed.
4.2.5. Based on the volumes suggested, these are relative to volumes of SN2, not SN1.
We thank the referee for pointing this out. We have now corrected this typo. 
4.3.2. see 3.1.1.
This has been clarified.
4.4.1. Volume of glycerol should probably be 100 µl here, or maybe 200 µl, but not 6ml
We thank the reviewer for spotting this mistake, this has now been corrected.
4.5.1. Highlight better that depolymerisation volumes are all relative to SN1 rather than supernatant volumes of that step.
We have now added a note about this. 
“NOTE: The volume of ice-cold BRB80 added to the pellet during depolymerization steps is always relative to the SN1.”
4.5.2. see 3.1.1.
This has been clarified.
4.7.1. see 4.5.1.
This has been clarified.
4.7.2. see 3.1.1.
This has been clarified.
Page18: "TUB" SDS-PAGE gels are mentioned to monitor the purification and gels like that are shown, but the method isn't described. It would make sense if this would be included here. Alternatively, if a detailed method has been described elsewhere, this should be cited and referred to here. There seems to be a reference to a next section, but this wasn't included in the reviewer's files, although chemicals needed for SDS-PAGE were listed.
We have now added the reference where these gels (‘TUB’ SDS-PAGE) are explained in detail.
Figure 2: Samples are only shown until SN4 and P4, but the method describes a third polymerisation/depolymerisation cycle with samples until SN7. Is that not routinely done? Ideally the chapter would be accompanied with a gel showing a typical experiment with all samples.
In fact, we do not routinely analyse all the collected samples during the tubulin purification. The final tubulin fraction (SN7) is very precious and thus, we first use it for determining its concentration. If we notice any anomaly in the concentration of tubulin (in comparision to our previous purifications), then we load all the samples until SN7 for assessing the quality of purification. 
Besides, the success of the tubulin purification is determined in the first two polymerizations steps (low and high-salt conditions). In the third (and further) polymerization steps the tubulin can be easily cycled in low salt conditions.
We have now added a sentence pointing this out in the representative Result section:
“The final tubulin sample, which is very precious, is only loaded on the gel allowing to determine tubulin concentration (see next paragraph)”
Figure 3: The gel is very nice, but extrapolating to read the concentration of protein beyond the BSA standards isn't good practice as one cannot sure that the staining continues to be linear in that range. Ideally the figure would be replaced with an example where samples lie within the range of the standards.
We thank the reviewer for pointing this out and we agree that extrapolating the curve to determine the concentration is not a good idea. We suggest that the reader loads at least two amounts of purified tubulin for quantification, and only uses the amount that falls within the BSA standard curve to determine the concentration. We have adapted the text accordingly.
Thus, we would like to still keep the same gel which has different amounts of tubulin (one amount falling in the range of the curve and the other amount outside the range of the curve) and we have explicitly mentioned that the bands outside of the BSA standard curve should not be considered for concentration determination.
The manuscript contains a small number of typos and grammatical errors that should be corrected during copy-editing.
Manuscript has been proof-read and the typos have been corrected.

