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Editorial comments:
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.
Revised according to editor’s comment.
2. Line 57: Please number the references in the order in which they appear in the text. So, 41-43 should be numbered 18-20 instead and so on.
Reference number was adjusted according to editor’s comment. 
3. Use SI units as much as possible and abbreviate all units: L, mL, µL, cm, kg, etc. Use h, min, s, for hour, minute, second.
Revised throughout manuscript according to editor’s request.
4. JoVE cannot publish manuscripts containing commercial language. 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. For example, NanoDrop, Ultra Yield, EndoFree, QIAGEN, Endosafe Nexgen-PTS, Milli-Q, Expi293, ViCell XR (Beckman Coulter), EX-CELL, Sigma Aldrich, ProBlock, NuPAGE, IRdye 800, Odyssey CLx, Sorvall Lynx 6000, A23-6x100, GenScript, Agilent 1260 Infinity II Bio-Inert, Waters, Astra 7 (Wyatt Technology), Eppendorf, NativePAGE Novex, SEDFIT, etc.
Commercial information was moved to material table according to the instructions. SEDFIT is a program made by NIH and freely available. 
7. Please add more details to your protocol steps. Please ensure you answer the “how” question, i.e., how is the step performed?
Step 2.2: How was the ligated product transformed? Was heat-shock transformation used? If yes, please provide all associated steps. How much LB was added? How was the colony Miniprep done? How was the glycerol stock made? Please provide all associated steps. Alternatively, add references to published material specifying how to perform the protocol action.
Details added according to the manufacturer’s instructions.
Step 3.6: How was the endotoxin level measured? Please provide all the associated steps.
Added manufacturer instruction reference and also in the material table.
Step 4.2: How much concentration of penicillin/streptomycin does 0.5x penicillin/streptomycin denote? How were the cells counted? What was the dilution made in: the expression medium or any other medium? Please specify.
Details added according to the instructions.
Step 4.3: What is the cell density used here for transfection? How was the cell density and viability assessed and calculated using the cell counter and analyzer? Please mention all the steps that are necessary to execute the action item. If this step needs to be filmed, please make sure to provide all the details such as “click this”, “select that”, “observe this”, etc. Please provide details so a reader may replicate your analysis, including buttons clicked, inputs, screenshots, etc. Please remember that software steps without a graphical user interface (GUI) cannot be filmed.
An automatic cell counter usage is specific to the manufacturer. User manual is referenced and cell counter model was added in the material table. 
Step 5.4: How was the Western blotting done? How was the blot quantified? Please provide all associated steps. Alternatively, add references to published material specifying how to perform the protocol action.
Details added according to the comments.
Step 5.5: How were the proteins transferred to the PVDF membrane? How much TBST was used for blocking? With what solution was the membrane washed? Please provide the volume of all the antibodies added.
Details added according to the comments.
Step 5.6: What steps were followed to visualize the blot, and how were the expression levels quantitated (normalization, the formula used, etc.)? Please mention all the steps that are necessary to execute the action item. If this step needs to be filmed, please make sure to provide all the details such as “click this”, “select that”, “observe this”, etc. Please provide details so a reader may replicate your analysis, including buttons clicked, inputs, screenshots, etc. Please remember that software steps without a graphical user interface (GUI) cannot be filmed.
The software “Image Quant” used is specific to the imager LiCor. Method was referenced to the user manual and a general guideline for signal quantification was referenced in the text, because Western Blot quantification is not the main focus of the protocol, and also to avoid commercial information.
Step 6.1.5: How was the SDS-PAGE run? What % SDS-PAGE was made, including the voltage, run time, etc. Please provide all associated steps. Alternatively, add references to published material specifying how to perform the protocol action.
Details added according to the comments.
Step 6.2.2: How was the multiple injection program made? Please include all the button clicks, command lines, etc. in the software. If using long scripts and long command, please include as a supplementary file. We need actions to show how the software is used.
Because Unicorn is commercial software, a general instruction was given for FPLC operation in the protocol section without mention its specific GUI. The detailed method script is added to the supplemental file.
Step 6.2.3: How do you distinguish between monomeric, dimeric, and higher-order oligomeric elutes?
Descriptions added “Compare the elution profile with standard HTT elution profile to distinguish monomer, dimer and higher-ordered oligomeric peaks.” Monomer, dimer and oligomer peaks will have the similar elution volume in the SEC profile.
Step 6.2.4: What is the formula/equation used for the calculation of concentration. What was the HTT protein dissolved in after concentrating on obtaining the mentioned concentration?
Formula added. The HTT remained in the same buffer as described in the SEC section 50 mM Tris, 500 mM NaCl, 5% v/v glycerol, 0.5% w/v CHAPS, 5 mM DTT during concentrating process.
Step 8: How was the staining with Coomassie done? Please provide the volume, concentration of the stain, and staining time. What was used as a de-stain? How was the analysis done? Please provide all associated steps. Alternatively, add references to published material specifying how to perform the protocol action.
Details added. Removed gel analysis as it is not essential to the current protocol.
8. The Protocol should be made up almost entirely of discrete steps without large paragraphs of text between sections. Please simplify the Protocol so that individual steps contain only 2-3 actions per step and a maximum of 4 sentences per step.
Revised according to the comment.
9. Please include a single line space between each step, substep, and note in the protocol section.
Revised according to the comment.
10. Please highlight up to 3 pages 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. Remember that non-highlighted Protocol steps will remain in the manuscript, and therefore will still be available to the reader.
Revised according to the comment.
11. Please submit each figure individually in a high-resolution format to your Editorial manager account.
12. All tables should be uploaded separately to your Editorial Manager account in a .xls or .xlsx file.
13. Please include all the Figures and table Legends for main figures and supplementary figures together at the end of the Representative Results in the manuscript text.
14. Figure 2B: The panel is slightly cut, and the labeling is not completely visible. Please ensure that everything is visible in the figures.
15. Figure 4: What does UV, LS, MW stand for? Please define all abbreviations in figure legends.
16. Figure Supplementary 2SA: There are overlapping markings on the curve. Please correct these so that the labeling is visible. What do thaw 1 and thaw 6 represent? Please mention in the figure legends.
17. Please include a paragraph on the limitations of the Protocol in the Discussion section
18. Please do not abbreviate journal names in references.

Reviewer Comments
Reviewer #1:
Review for Pace et al. JoVE63190

Manuscript summary:
Pace et al describe their scalable production system to make full-length HTT, the Huntington's disease protein, in a mammalian expression system. Further to the protocol, Pace and colleagues describe methods to validate and characterise the samples produced by this protocol. Overall, this manuscript is very well written and the method is detailed and well contextualised. Some minor details are missing from the protocol which should be included. Further data is required to assert the claim regarding native PTMs - see below.

Minor Comments:
Lines 66-69 - Higher resolution structures of the HTT-HAP40 complex are now available in the public domain and these should be referenced: 7DXK and 7DXH - Huang et al (2021) Structure, 6X9O - Harding et al (2021) BioRxiv
New references added: 7DXK and 7DXH - Huang et al (2021) Structure, 6X9O - Harding et al (2021) BioRVix
Line 102 - Not clear what you mean? Do you mean request the gene synthesis service to generate the codon-optimised cDNA? Please clarify the language. This is likely a very expensive option which could be prohibitive to many readers of the protocol, so you may wish to offer an alternative e.g. existing cDNA library clones which might be ordered.
Language clarified. We mainly focused on describing the method we used in the study. Cloning full length HTT cDNA library was not validated in our lab and can require extensive technical development. The plasmids constructed were deposited to the HD Community Repository at the Coriell Institute (www.coriell.org/1/CHDI) and are available free for other researcher to use if the cost is a concern.

Line 110 - More details on this process and Q-length validation would strengthen this section. Currently very brief but this is a key part of the protocol and aim of the protocol - to make different Q-length HTT samples.
Additional information was added. We used a commercial service to synthesize the polyQ region of the DNA and cloned them in the HTT backbone to alter the polyQ length. All transcription regions in the plasmids are sequenced as part of the validation method. The plasmids constructed were also deposited to the HD Community Repository at the Coriell Institute (www.coriell.org/1/CHDI) 
Line 120 - Anticipated yields? A260/280 and A260/230 ratios?
Revised to include observed A260/280 ratio 
Line 131 - Great to see the plasmids are being shared. It would be good to see reference to the availability of these reagents in the abstract and/or introduction as the cloning step is probably one of the largest hurdles for users of the protocol.
References added in the introduction.

Line 151 - Anticipated yields? A260/280 and A260/230 ratios?
Revised to include observed A260/280 ratio and typical yield from giga preparation of plasmid DNA. 
Line 182 - This section essentially allows validation of expression and determination of expected yields so I think the title should better reflect that aim for this part of the protocol or there should be an additional note more clearly outlining this aim.
Title revised and note added according to reviewer’s suggestion.

Line 257 - What volume aliquots are frozen?
Added statement on aliquot volume used for storage 

Sections 7-10 - These are the validation/characterisation steps. It could be more helpful to amend the titles to describe the role each of the experiments plays in this process e.g. "Analytical HPLC SEC-MALS-dRI to analyse oligomerization and polydispersity", "Coomassie and Silver Stain to determine sample purity" etc.
Revised according to the reviewer’s comments.

Line 377 - Are you referring to FLAG resin reuse? If so, can you comment on the lifetime of your FLAG column following multiple cycles of purification/regeneration? This would be helpful to users of the protocol.
FLAG purification is not referenced in line 377. Purification is describing aSEC/MALS characterization. We have added recommendations for FLAG resin usage and regeneration to the protocol 6.1.6.

Line 411 - Could it also be that the HTT protein sample is unstable in the gel loading buffer and so it aggregates/associates into higher order oligomers pre-migration?
In our hands, detergent is required to stabilize the monomeric form of FL HTT at 1 mg/mL concentration. Gel loading buffer and run conditions in traditional Native PAGE does not contain detergent. The lack of detergent and the conditions of traditional Native PAGE contribute the observed oligomerization of FL HTT. Coomassie G250 functions as a “mild detergent” in Blue Native PAGE to prevent aggregation of FL HTT.
Native PAGE protocol was removed in the protocol as it is not relevant to FL HTT QC.

Line 425 - Surely the large and disordered regions of structure may also influence gel migration? They would likely increase the hydrodynamic radius of the protein significantly. Additionally, it would appear from the BN-PAGE data that even very small changes in the Q-length influence the migration so is the polyglutamine tract another factor? Comparing migration of Q23 vs Q73 for example the difference in apparent MW is much larger than just the 50 additional residues of the latter construct.
Because Exon1-HTT migrates similarly to other polyQ length HTT, instead of N-terminal disordered region, the hollow structure could play a major role in the discrepancy of the migration distance vs MW in Blue Native PAGE.  

Materials table - The HEK293 cell line used for production is missing? Similarly, I think the E. coli strain used for large scale plasmid production is also missing.

More information is added to material table. There was confusion what commercial information can be included in the protocol.
Major comments:
Lines 79-81 - How do you know your HEK293-expressed HTT samples have native PTMs? HEK cells have a highly complex karyotype and do not necessarily "function" like physiological human cells. Additional characterisation of the samples produced by mass spectrometry or PTM motif specific antibodies (e.g. those available via the Coriell HD repository for example) would help support this claim.
Language revised. We performed PTM analysis for purified FL HTT and observed similar PTM profile as previous researchers. Data are not included in this manuscript because we are focusing only on the protocol. PTMs are not being compared to any previous publication(s). 

Reviewer #2:
The authors describe a method for production of full-length normal and mutant Huntingtin (HTT) following transient transfection with plasmid DNA of human 293 cells grown in suspension culture. The method is scalable and yields are 1-2mg/L cell culture.
The authors did an excellent job with the purification and characterization of the HTT variants, from the first purification steps to the final characterization of the frozen aliquots. There is no doubt that the authors can provide high quality and well characterized material to the HD community.

Minor comments:
1. Line 62: adenovirus (one word)
Revised according to reviewer’s suggestion
2. Line 58: the referencing can be improved, they want to cite papers that used insect cells and they cited here Seong at el 2009 (OK) and Huang Bin et al 2015 (that did not use insect cells), instead of Huang Bin et al. 2015 they should rather cite Li et al. 2006 (comes later in the discussion as reference 52).
Revised according to reviewer’s suggestion
Also it is suggested to cite the Huang et al. paper in Structure 2021, 29, 804-809, since it is closely related to the author's work.
Revised according to reviewer’s suggestion
3. Line 70: adapted instead of adopted
Revised according to reviewer’s suggestion
4. Line 90: performed instead of perform
Revised according to reviewer’s suggestion
5. Line 107: I assume introduction of the HindIII sites does not change the protein sequence. This should be stated. Will the DNA sequence of the construct be deposited in a public database? This is strongly recommended.
Revised according to reviewer’s suggestion; All plasmids were deposited in CHDI for publics to use (see introduction).
6. Lines 141-145: Description of the harvesting and processing of the plasmid DNA from bacteria is very superficial, not really useful. Either remove and refer to Qiagen protocol or describe in more detail.
Reference to Qiagen kit added. It wasn’t clear whether a reference to commercial product is allowed in JoVe. 
7. Line 155: adjust pH with what?
NaOH added
8. Line 176: what is meant with "add final concentrations of 2 mM butyrate?"
Revised
9. Line 209: use "transfected" instead of "transformed"
Revised according to reviewer’s suggestion.
10. Line 351: Pellets estimated at ≥ 2 pg??
Revised- Pellets with estimated HTT expression level at ≥2 pg HTT/cell are used for purification

11. Table of Materials: please organize the table in a way that it is more useful. It appears to be a more or less random summary of materials without any recognizable order, difficult to find anything.
Reorganized

