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Editorial Comments:
[bookmark: _Hlk47257495]• Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammatical errors.

The manuscript has been proofread carefully. Several spelling and grammatical errors have been corrected including: 
L146 “optimized” replaced by “optimize”
L196 “minimizing” changed into “minimizes”: “Adding 50 mM NaCl to the 10 mM Tris-HCl pH 8 buffer facilitates separation of the two sublayers and minimizes protein loss.”
L279 “Schematical” changed into “Schematic”
L284 “arrows” changed into “arrowheads”: “Black arrowheads indicate the continuous membrane separating the two sublayers. »
L391-394 “and” has been suppressed in the following sentence: “Considering that the water contained in PL is removed by freeze-drying, that carbohydrates are essentially recovered in PL glycoproteins and that fat and minerals originate from yolk and are essentially discarded by extensive washes”
[bookmark: _Hlk47260052]L440 the sentence was rephrased and a doi number was added for the experimental unit PEAT.
electronic microscopy” changed into “electron microscopy” throughout the text

• Avoid punctuating the title.

The punctuation of the title has been removed :
Lines 2-3 : « Mechanical separation and protein solubilization of the outer and inner perivitelline sublayers from hen eggs: tips and applications »

• Protocol Language:
1) Long discussions such as on lines 148-163 are best merged into the discussion.

This part was reduced « Initially, we immersed the PL in deionized water, but this approach has some disadvantages, such as the lack of pH control and the difficulties to separate sublayers afterwards (Task 1.2). We therefore tested several conditions including Tris concentration (Figure 3A) and pH (Figure 3B). The use of a buffer at pH 8, instead of deionized or demineralized water, is in accordance with egg physiology (the pH of egg white ranges from 7.8 to 8.4 on the day of lay)14 and minimize protein loss. In contrast, acidic or very alkaline pH is suspected to trigger PL destructuration and early protein solubilization (Figure 3B).  The buffer composed of 10 mM Tris-HCl pH 8 was found to be optimal, as it respects the egg physiology and does not cause significant protein solubilization (protein concentration in the working buffer remains minimal, Figure 3A and 3B) (lines 155-164). 

The use of buffers stored at 4 ° C was included in the discussion , as well as the reason why the germinal disc was removed : lines 346-353 « The use of a refrigerated buffer will then help to remove the PL from the yolk because at 4°C, the buffer will facilitate PL removal as the lipidic yolk retracts and becomes less fluid at this temperature.  « It is also important to cut out the zone corresponding to the germinal disc because this structure that contains female pronucleus is not likely to be representative of the PL. It is the site of fertilization and multiplication of the embryonic cells when the egg is fertilized. It is supposed to have a particular composition that may be not representative of the whole PL, which is the reason why it was removed. »

2) Split up long steps into multiples, e.g., 2.2.2. 
2.2.2 refers to the analysis of protein profiles by SDS-PAGE from loading to staining and visualization. This step is classical in the field of protein biochemistry and we think that there is no need to insist much on this. This is the reason why we combined everything in 2.2.2.

• Protocol Detail: Please note that your protocol will be used to generate the script for the video, and must contain everything that you would like shown in the video. Please ensure that all specific details (e.g. button clicks for software actions, numerical values for settings, etc) have been added to your protocol steps. There should be enough detail in each step to supplement the actions seen in the video so that viewers can easily replicate the protocol.
We believe that all specific details have been included in the present version. 

1) 1.1: Are these fertilized eggs? Does it matter? How long after laying can you use the eggs?

The eggs used in this study are unfertilized. Indeed, the fertilization of eggs can rapidly affect the structure and protein composition of PL, as mentioned in lines 322-326, “On the day of lay, the embryo of a fertilized egg is 23 h old and its development is very rapid afterwards if the egg is incubated. Indeed, embryonic development and the growth of some extraembyonic structures expand using PL as a substratum, which is thus rapidly degraded, and replaced by the extraembryonic yolk sac “. If the objective remains the analysis of each sublayer, it is crucial to use unfertilized eggs. 
The term “unfertilized” was inserted throughout the manuscript to highlight that unfertilized eggs were used in this study and that their use was highly recommended:
Line 137 : Break the freshly laid unfertilized egg
Lines 146: It is also very important to use an unfertilized egg 
Line 264: freshly laid unfertilized egg
Line 279: Figure 1: Structure of the PL of a freshly-laid unfertilized egg
Line 310: Figure 5: SDS-PAGE analysis of separated OPL and IPL from freshly laid unfertilized egg.

It is also highly recommended to use eggs as fresh as possible (ideally on the day of lay), since the structure and protein composition of PL are progressively altered after laying depending on storage conditions. This point is described in lines 203-204: “It should be noted that the efficiency and the facility of separation of the two layers greatly depends on egg freshness. Indeed, stored eggs show drastic internal modifications due to the rapid increase in egg white pH and subsequent alteration of the yolk index due to the PL loosening (and weakening).”, as well as in line 331: “It is assumed that the separation of sublayers will become very difficult with stored eggs especially if the storage is conducted for a long period at room temperature. Up to date, the protocol has been performed using eggs stored less than 4 days at 4°C and the maximal duration of storage for an egg to efficiently sample PL sublayers is not yet known.”
However, it is understandable that the provision of such fresh eggs may be difficult. For this, reason, we propose to use eggs stored < 10 days in a cooled environment as an alternative, as indicated in lines 145-147: “It is also very important to use an egg preferentially from the day of lay, to optimize the success of this first step and subsequent steps. Alternatively, eggs that have been stored less than 10 days in a cooled environment”
From our experiments, the separation of IPL and OPL is feasible for up to 20 days at 20°C after laying, however it must be noted that the sublayers are more fragile and that the protein profiles are altered in comparison with freshly laid eggs.

• Protocol Highlight: If your protocol is longer than 3 pages, please highlight ~2.5 pages or less of text (which includes headings and spaces) in yellow, to identify which steps should be visualized to tell the most cohesive story of your protocol steps.
1) The highlighted steps should form a cohesive narrative, that is, there must be a logical flow from one highlighted step to the next.

The protocol here is less than three pages.

• Discussion: JoVE articles are focused on the methods and the protocol, thus the discussion should be similarly focused. Please ensure that the discussion covers the following in detail and in paragraph form (3-6 paragraphs): 1) modifications and troubleshooting, 2) limitations of the technique, 3) significance with respect to existing methods, 4) future applications and 5) critical steps within the protocol.
We think that these details are covered in the discussion section. 

• Figures:
1) Add scale bars to fig 4
The scale has been added in the new version
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2) Remove text “Figure #”

 “Figure #” has been removed on each figure.

• References: Please spell out journal names.

Journal names have been spelled out and references have been checked. The format for the references related to book chapters and books has been corrected. 

• Commercial Language:JoVE is unable to publish manuscripts containing commercial sounding language, including trademark or registered trademark symbols (TM/R) and the mention of company brand names before an instrument or reagent. Examples of commercial sounding language in your manuscript are Mini-Protean II electrophoresis cell (Biorad,
1) Please use MS Word’s find function (Ctrl+F), to locate and replace all commercial sounding language in your manuscript with generic names that are not company-specific. All commercial products should be sufficiently referenced in the table of materials/reagents. You may use the generic term followed by “(see table of materials)” to draw the readers’ attention to specific commercial names.

The sentence « Load a maximum of 20 μg of proteins/lane on a SDS polyacrylamide gel (4-20% gradient gel) and perform electrophoresis at 120 V using a Mini-Protean II electrophoresis cell (Biorad, Quentin-Fallavier, France) » has been changed into « Load no more than 20 µg of proteins/lane on a SDS polyacrylamide gel (4-20% gradient gel) and perform electrophoresis at 120 V using an vertical electrophoresis system » (Lines 247-249). 
It was the only commercial sounding language in this manuscript.


• Table of Materials: Please sort in alphabetical order.

Correction has been made :
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• Please define all abbreviations at first use.

PL, IPL and OPL have been defined at first use, lines 53, 56 and 57, respectively. 
Sodium Dodecyl Sulfate-PolyAcrylamide Gel Electrophoresis (SDS-PAGE): Line 37

• Please use standard abbreviations and symbols for SI Units such as µL, mL, L, etc., and abbreviations for non-SI units such as h, min, s for time units. Please use a single space between the numerical value and unit.

Several symbols errors have been correctedthroughout the text: 
“hour” was changed into “h”
“minutes” was changed into “min”
In addition, a space between all numbers and °C or % has been included throughout the text (General formatting section of the JoVE article template)


Comments from Peer-Reviewers: 
Reviewer#1: 
The publication I proposed for review, entitled „Mechanical separation and protein solubilization of the outer and inner perivitelline sublayers from hen eggs: tips and applications" concerns the development of protocols facilitating the structural and proteomic analysis of avian viteline membrane (VM). Separation of two VM layers: outer and inner it is quite difficult, and most effective methods often lower the VM structure or lead to protein denaturation. Therefore, I consider searching and improving these methods to be very important and necessary. The more so that the scientific interest in the structure and chemical composition of birds' VM has increased significantly in recent years. The manuscript was prepared carefully using the correct nomenclature. Therefore, I think it is suitable for publication in JoVE in its current form. I only suggest authors to consider three issues:
1. I understand that the authors developed their methods on chicken eggs. The hen egg membrane is best known of all bird species. I suppose that future studies of many authors may concern other species whose eggs are even several times smaller. Will the described mechanical methods be feasible in such cases? 
We assume that the present protocol can be transposed to the eggs of some other species. In fact, we were able to successfully achieve it on guinea fowl and duck eggs in some preliminary experiments, using SDS-PAGE to assess the quality of separation of the two layers (see figure below). However, it must also be noted that the separation of IPL and OPL may be more or less easy depending on bird species and the adhesion forces of both sublayers. We indeed observed in these preliminary experiments that sublayers separate much more easily in guinea fowl eggs than in duck or in chicken eggs.
We also believe that our protocol is adaptable on small eggs, as small as quail eggs. In our study, PL is cut into a rectangle of approximately 2 cm x 3 cm to facilitate the handling and the separation of the two layers, but the separation has already been done on smaller pieces (1 cm x 1 cm).
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Figure : SDS-PAGE analysis of separated OPL (A) and IPL (B) from two (1/2)freshly laid unfertilized duck eggs (D) and guinea fowl eggs (GF). 4-20 % acrylamide gel followed by Coomassie brilliant blue staining. The mass of molecular weight standard bands is indicated in kDa. 

2. The authors focused on the separation of OL and IL taking into account the presence of CM separating them. My research shows that both layers also have a complex structure and the layers that make up them are over ten for each. Have the authors tried to separate these layers?
We admit that such study would be of high interest to understand the structural and molecular complexity of the PL; however, the separation of the various sheets composing IPL and OPL was not attempted during our procedure.  It is to note that the initial objective of this protocol was to find a procedure that could allow the subsequent proteomic analysis of each sublayer taken as a whole. The aim of the study was to have an overview of their protein composition, to perform the functional annotation of these proteins in order to have a better idea of their respective physiological role. As mentioned in the text, we are finalizing an article reporting the results of this specific study (submission scheduled at the end of August, 2020). 

3. L82-85: In this part, I suggest adding literature below. This is the first and only study of the structure and protein composition of ratites VM.
Damaziak K., Marzec A., Kieliszek M., Bucław M., Michalczuk M., Niemiec J. 2018. Comparative analysis of structure and strength of vitelline membrane and physical parameters of yolk of ostrich, emu, and greater rhea eggs. Poultry Science, 97: 1032-1040.
[bookmark: _Hlk47264090]The reference has been included. A sentence has been inserted in L88: “These procedures were applied to chicken, duck, ring-necked pheasant, gray partridge, cockatiel parrot, domestic pigeon or ratites eggs.”


Reviewer#2:
In the manuscript by Megane Bregeon et al., the authors described a methodology for mechanical separation and protein solubilization of perivitelline layers by showing step-by-step protocol with biochemical data.

Overall, this protocol is informative for avian reproductive biologist, and may provide new tool for a future study. However, there are some steps too descriptive despite precise skills are necessary, leading to concerns of reproducibility. Following points should be amended for consideration of publication

Comments:
P5L189
1.2.2. should be shown in a movie file, with particular focus on tearing one from another membrane.
As suggested by the reviewer, we intend to show this specific step in the movie that will be associated to the article. As an example, we attached a movie file that we did to show this step. We believe that the quality of such a movie will be deeply increased when performed by a JoVE professional. 


Figure 4 is whole sublayers and not resulted from 2cm x 3 cm sheets.
IPL and OPL separated in Figure 4 did not result from a whole PL but from a piece of about 2 cm x 3 cm. In fact, this picture was taken from samples shown in the above video where the 2 cm x 3 cm piece is easier to visualize at the beginning of the experiment. A scale bar has been added in the Figure 4. The OPL appears smaller on the image because its edges curled up once separated from the IPL.

P7L279
Figure 3 legend needs to be re-checked.
Figure 3 legend has been re-checked an corrected for grammatical errors.

P9L362
There is a lack in experimental support to assume that the resulting PL is composed of 100% proteins. Should be reworded.
This section has been reworded:
[bookmark: _Hlk47264685]“Considering that the water contained in PL is removed by freeze-drying, that carbohydrates are essentially recovered in PL glycoproteins and that fat and minerals originate from yolk and are essentially discarded by extensive washes, it is assumed that the resulting PL is composed almost exclusively of 100% proteins. Thus, the weight value obtained after complete lyophilization should mainly correspond to proteins. »

L377
CBB staining figure3 shows IPL fraction is more enriched in lysozyme, 14KDa, and OPL protein, 17KDa, relative to proteins present in IPL. However, the authors insist no significant cross-contamination. It does not make sense.

We thank the author for this comment. In fact, lanes of the CBB stained gel in Figure 5 were misnamed and we apologize for this. An inversion occurred: the left lane corresponds to IPL (contains two major proteins with mass >30 kDa, presumably ZP proteins) and the right lane is OPL (with LYZ, VMO1 and AvBD11 as the three major constituents, at apparent mass of 14, 17 and 11 kDa, respectively). Figure 5 has been modified accordingly.

Figure 3
Number of replications needs to be expressed in legend. Statistical analyses should be delivered.
The number of biological replicates (four) has been indicated in the corresponding legend, 
[bookmark: _Hlk47265181]L296 The following sentence has been added: “Results are expressed as means ± standard deviation of four different PL samples”
Statistical analyses has been performed and the following sentence has been added L296-299 “Statistical analyses were performed using one-way ANOVA followed by a Tukey’s multiple comparisons test. P-value <0.05 was considered significant (ns, not significant; * p<0.05, *** p<0.001, **** p<0.0001).” 
Reviewer #3:
Manuscript Summary:
the protocol is interesting and is clearly written.
Major Concerns:
There is no comparison by SDS-PAGE analysis of IPL and OPL proteins when IPL and OPL are separated in other conditions ( for example in conditions described in reference 3) to see differences in the protein pattern. Protein loss is not sufficient to assure this protocol is better than the one used before. It should be added as the proteomic results are not included.
A comparison of our protocol with other previously published studies would indeed be interesting. Our work does not claim that this procedure is better or more efficient than those published elsewhere, as each protocol has been developed for a specific question.  However, it provides a convenient method to separate IPL and OPL without use of any possibly denaturing conditions that may alter the structure, the protein composition or the function of PL. Indeed, many of the published works used possibly denaturing conditions such as acidic pH, heating, detergent, etc. (Line 80 to 105). As mentioned in the text, we selected the most interesting findings from published articles on the PL and on the separation of sublayers but we also proposed some new ideas to optimize PL removal, OPL/IPL separation, and subsequent protein solubilisation for proteomic analyses. The objective of this work was to develop a procedure to avoid denaturation of PL, easy separation of sublayers, while limiting the loss of proteins that may be of major interest in a functional/structural point of view.   In this work, we found that the separation of sublayers was easier in the presence of low concentration of NaCl but that increasing NaCl concentration results in higher protein solubilisation (as already published by others). At this step, it is crucial to minimize protein loss. Knowing that major OPL proteins (especially LYZ, VMO1, AvBD11) are salt-soluble and may be released from PL using NaCl, then the determination of proteins solubilized during the operation (protein loss) was required to fix optimal conditions allowing easy separation while limiting structural damages.
As mentioned elsewhere in this document, we are currently finalizing an article reporting the results obtained for PL, IPL and OPL proteomes, tissue expression of the most relevant OPL/IPL-specific proteins and micrographs of separated IPL and OPL obtained by electron microscopy (the submission of the article is scheduled by the beginning of September, 2020).
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Name of Material/ Equipment Company Catalog Number Comments/Description

Binocular dissecting microscope Vision Engineering, France Model Mantis Elite

Lyophilizer Cryotec, France Model Cosmos 80

Mini-Protean II electrophoresis cell  Biorad, Hercules, USA 1652960 Any apparatus adapted for protein electrophoresis

Mixer Mill MM400 Retsch, Hann, Germany 20.745.0001 Mixer mill adapted for for dry, wet, and cryogenic grinding of small amounts of sample

Ultra fine dissection scissors in stainless steel length 12 cm Dutscher, Brumath 5066

Ultra precise tip forceps anti-magnetic stainless steel 9.5x 109.3 mm Dutscher, Brumath 327005
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