Dear Editor,

We are pleased that our manuscript JoVE54271R1 "Genetic and Biochemical Approaches for in vivo and in vitro Assessment of Protein Oligomerization: the Ryanodine Receptor Case Study" was well received by the Editor and Reviewers. 

Please find enclosed the revised manuscript that addresses all the Editorial and Reviewers' comments. Manuscript text edits, marked in red color, were made to the latest file "54271_R1_111615" as requested. Please find below a point-by-point response to editorial and peer review comments.

We look forward to receiving your comments on the suitability of this manuscript for publication in JoVE.

Sincerely,

Spyros Zissimopoulos et al.





Response to Editorial comments:


1. Please keep the editorial comments from your previous revisions in mind as you revise your manuscript to address peer review comments. For instance, if formatting or other changes were made, commercial language was removed, etc., please maintain these overall manuscript changes.

Editorial comments from previous revisions and JoVE's requirements were followed throughout, including amendments to address peer review comments.

2. Length warning: The current highlighting is spotty and will require additional steps added back to form a cohesive narrative. Once this is done, the length is at the filming limit of 2.75 pages.

We believe that the highlighted protocol text forms a cohesive story and is within 2.75 pages.

3. 3.1.4 - What's the concentration of protein added?

The concentration (6 mg/ml) is now given in the revised manuscript.

4. If your figures and tables are original and not published previously, please ignore this comment. For figures and tables that have been published before, please include phrases such as “Re-print with permission from (reference#)” or “Modified from..” etc. And please send a copy of the re-print permission for JoVE’s record keeping purposes.

Schematic Figures 1, 3 & 5 are original. We include the phrase "Modified from.." in the legends to indicate that Figures 2, 4 & 6 have been published before.
Re-print permission has already been emailed to JoVE on 14/11/2015 but we can email it again if necessary.







Response to Reviewers' comments:


Reviewer #1: 

Manuscript Summary: 
This method manuscript presents, in a brief but authoritative fashion, several biochemical and molecular biology protocols for the study of protein self-association (oligomerization) in eukaryotic cells. Oligomerization is an important requirement for most proteins to achieve proper function. Specifically, the authors describe the use of complementary in vivo (yeast two-hybrid, gene expression in HEK cells) and in vitro (co-immunoprecipitation and chemical cross-linking) assays combined with immunoblotting methods to detect protein self-association and determine homo-oligomer stoichiometry. To demonstrate the functional relevance and applicability of the described methods the authors use as an example the cardiac calcium release channel RyR2. 
This is a well-conceived method manuscript. The methods described here will be of interest to other scientists that wish to apply these techniques. 

Major Concerns:
None

Minor Concerns:
The authors may wish to take into consideration the following points:
1) Page 4, Line 163, end of sentence, please add storage conditions.

The text has been amended accordingly (pg 4, ln 163): “and use fresh on the day of the experiment”

2) Page 4, Line 168, end of sentence, please add storage conditions.

The text has been amended accordingly (pg 4, ln 169): “and use fresh on the day of the experiment”

3) Page 8, Line 362, For Cell Homogenization section; please indicate whether or not proteases inhibitors were needed for Co-IP and X-linking.

Protease inhibitors were included in the Homogenization buffers, now indicated in the revised manuscript (pg 8, ln 368): “Supplement with protease inhibitors prior to use.”

4) Page 8, Line 365, Delete: "Prepare Cross-linking homogenization buffer by mixing 5 mM
Hepes, 0.3 M sucrose; adjust the pH to 7.4 and store at 4°C (filter before use to remove any
particulates)." This information is repeated in section 3.2.1.1. 

The information repeated in sections 3.1.1.1 and 3.2.1.1 (pg 8, ln 388, and pg 10, ln 455, respectively) has now been deleted and replaced by: “as described in section 2.2.1.1”

5) Page 10, Line 475, Note that cross-linking homogenization buffer contains 5 mM Hepes. Does this amount of Hepes not quench the glutaraldehyde reaction? Please comment on that. 

Glutaraldehyde reacts with compounds that have free primary amines. Hepes does not contain primary amines and therefore it does not interfere with the glutaraldehyde reaction.

Additional Comments to Authors:
There are a few typos/inaccuracies that need correction.
1) Page 5, Line 217, "…14,000 x g for 15 sec" do you mean minutes? 

The centrifugation time is indeed 15 seconds only, not minutes.

2) In Fig 2B, for consistency with Figure 1, Greek beta symbol instead of b in y-axis and on panel's label.

This is now amended in the new Figure 2.

3) For Figures 4 and 6: Please add the following details: 
Samples (i.e., total protein concentration, indicate whether the sample was boiled or heated after addition of loading buffers), PAGE (voltage and time used for electrophoresis), Protein Transfer (membrane used, transfer buffer composition and transfer voltage and duration used). Primary and secondary antibodies used (dilutions). Detection system (chemoluminescence -HR peroxidase or alkaline phospatase, reagents and film exposure time).

The text has been amended accordingly:
Figure 4 legend: “Figure 4: Co-IP indicates RyR2 N-terminus domain self-interaction in mammalian cells
HEK293 cells were co-transfected for transient co-expression of cMyc-tagged (BT4L) and HA-tagged (AD4L) RyR2 N-terminus domain (residues 1-906). AD4L was immunoprecipitated with AbHA from CHAPS-solubilized and dithiothreitol-treated HEK293 lysate, whereas as negative control, co-IP assays were carried out with non-immune rabbit IgG. Immunoprecipitated proteins were heated at 85°C for 5 min and resolved at 20 mA for 3 hr through separate 6% SDS-PAGE gels loaded with 1/10th or 9/10th of IP samples. Following protein transfer at 80 V for 2 hr onto polyvinylidene difluoride membrane, immunoblotting analysis was carried out using (1:1,000 dilution) AbHA (A) or AbcMyc (B), respectively, followed by horseradish peroxidase-conjugated anti-mouse IgG (1:10,000 dilution) and enhanced chemiluminescence detection (1 min exposure). An aliquot of cell lysate, 1/50th of the volume processed in IP samples, was also included to serve as molecular mass standard. Modified from3.”
Figure 6 legend: “Figure 6: Cross-linking indicates RyR2 N-terminus domain tetramer formation
HEK293 cells were transfected for transient expression of cMyc-tagged (BT4L) RyR2 N-terminus domain (residues 1-906). Cell homogenate, treated with the reducing agent dithiothreitol, was incubated with glutaraldehyde for the indicated time points. Samples were heated at 85°C for 5 min and resolved by SDS-PAGE (6% gel) at 20 mA for 3 hr. Following protein transfer at 80 V for 2 hr onto polyvinylidene difluoride membrane, immunoblotting analysis was carried out using (1:1,000 dilution) AbcMyc, followed by horseradish peroxidase-conjugated anti-mouse IgG (1:10,000 dilution) and enhanced chemiluminescence detection (1 min exposure). Monomeric (M: ∼100 kDa) and tetrameric (T) forms are indicated by the arrows. Modified from3.”

4) Page 26, description of last item in the list of materials (*id b-Gal assay) seems incomplete, please fix or delete.

This is the last part of the sentence “To measure OD600 of yeast culture; to measure Absorbance at 420 nm in liquid b-Gal assay” in the “Comments\Description” column of the excel spreadsheet for the List of Materials. 
While this problem occurred due to the creation of the complete manuscript as PDF file, it should be fine for the final version using the individual separate files.


Reviewer #2: 

Manuscript Summary: 
This manuscript described 3 protocols, yeast two-hybrid (Y2H), co-immunoprecipitation (co-IP), and chemical cross-linking, that commonly used in the protein-protein binding assay. These are complementary and synergistic techniques. The authors have described the protocols in detail. They applied the approaches to analyze the self-binding between N-terminal domain of ryanodine receptors. They make these protocols available for analysis by other researchers for detect protein-protein interaction and homo-oligomerization of protein monomers. 

Major Concerns:
N/A

Minor Concerns:
1. In Y2H studies, sequence 1-906 (BT4L) showed positively self-binding, but 677-1621 (BT3) gave a negative result. There are over 200 residues overlapped between the 2 constructs. Does it means only the first 667 residues in important for the self oligomerization?

As the Reviewer points out, it is likely that RyR2 N-terminus oligomerization determinants are entirely contained within the first 677 residues. We are currently exploring this possibility using truncated fragments, however this is beyond the scope of the present, Methods-focused paper.

2. Figure 4, panel B, should be AB cmyc IP, not AB HA IP.

The experimental data depicted in Figure 4, are different immunoblots of the same samples, immunoprecipitated with Ab HA, and therefore the labeling "Ab HA IP" of lane 2 is correct for both panels A and B. The difference between the two panels is that Ab HA IP (and normal Ab IP) samples were separated through two different gels and subsequently detected with two different antibodies: Ab HA (for AD4L detection) and Ab cMyc (for BT4L detection), panels A and B, respectively.
For clarity, “Ab HA detection” and “Ab cMyc detection” has been included in the new Figure 4 at the bottom of panels A and B, respectively.

3. Figure 6, the gel showed RyR N-terminal domains can self-oligomerization, but it won't tell if they are tetramers or not? Should use a high molecular marker, like Hi Mark from Pierce that has protein ladder up to 460 kDa. There are light bands at position (201 kDa), are they dimers?

[bookmark: _GoBack]We have already used high molecular weight markers and gradient SDS-PAGE gels for accurate determination of the oligomer’s size, indicating that BT4L forms tetramers [Ref #3]. 
The following text has been included in the revised manuscript (pg 11, ln 534): “To determine its apparent molecular mass, the BT4L oligomer was separated through 4-15% gradient SDS-PAGE gels3. We produced the molecular mass/gel retardation standard curve using protein standards with a range of 30 - 460 kDa, and we calculated the oligomer to be 358 kDa  15 (n = 4). This apparent molecular mass is consistent with a BT4L tetramer arranged in a closed circular fashion rather than in linear form, as expected from the arrangement of the four subunits within the native RyR2 channel”
Dimer bands are indeed observed at position 201 kDa but they are significantly less intense than the tetrameric species. This is described in the manuscript (pg 11, ln 533): “Notably, tetramer was the predominant oligomeric species, with minimal dimer and trimer bands observed”.

Additional Comments to Authors:
N/A
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