RESPONSE LETTER

Matteo Da Ros , Tiina Lehtiniemi, Opeyemi Olotu, Oliver Meikar, Noora Kotaja:
Simple protocol to enrich pachytene spermatocytes and spermatids from mouse testes using standard laboratory equipment


We greatly appreciate all relevant editorial and reviewers’ comments. We have now addressed them and revised the manuscript accordingly (modified text shown in red in the revised manuscript). You can find point by point responses below. We have included new cell counting data in the text, as well as new figures (Figure 2C and D, Figure 3C and D), and modified the text accordingly. We feel that the revision helped us to improve the manuscript, and we hope that it is now suitable for publication.


Editorial comments:

Changes to be made by the author(s) regarding the manuscript:

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.
We have proofread the manuscript and edited the language.

2. Summary: Please use complete sentences.
We have modified the summary to use complete sentences.

3. Abstract: Please expand to include an overview of the method.
The abstract has been modified to include a description of the method.

4. Please remove commercial language in your manuscript: HulaMixer, milliQ, etc.
Modified.

5. Please revise the Protocol text to avoid the use of personal pronouns (e.g., I, you, your, we, our) or colloquial phrases.
Modified.

6. 2.1: Please specify the age and type of the mouse.
Point 2.1., page 4: we included this information in the protocol.

7. Tables: Please use the period symbol (.) for the decimal separator.
Tables 2 and 3 were revised.

8. Table of Materials: Please ensure that it has information on all relevant supplies, reagents, equipment and software used, especially those mentioned in the Protocol.
We have ensured that the Table of Materials contains all relevant information.




Reviewers' comments:

Reviewer #1: 

Manuscript Summary:
The manuscript is well written and clearly describes step-by-step how purified fractions of male germ cells can be prepared, starting from a single mouse. The interesting aspect of this work is the possibility of obtaining enriched populations of germ cells using a standard lab setting. This will likely help a wide number of research labs for theirs studies on germ cells.

Major Concerns:

Page 5, row 164. Please, specify HulaMixer setting
We have specified the settings for cell rotator in the step 2.6.

Page 5, row 199. It seems to me that beside "Figure 1A-C" it would be more appropriate "Figure 1A and 1C".
Modified.

Page 9, row 318. How many micrograms of proteins from purified fractions are needed (as average) for IP and mass spectrometry analyses? This can be of course variable from target to target. However, it would be good to know whether in author's experience, isolation of germ cells from a single mouse is a standard for approaching IP and mass spectrometry experiments.
To exemplify that the amount of protein in one MDR fraction is enough for successful immunoprecipitation, we performed IP from individual MDR-enriched fractions with anti-PIWIL1 antibody. Western blot analysis showed that the material obtained from a single fraction is sufficient for IP, and even for the detection of co-immunoprecipitated PIWIL2. This result can be found in the Figure 3D. We also included a Western blot analysis of whole cell extracts made from selected fractions (around 10% of each fraction loaded to the gel) (Figure 3C). The representative results section (lines 356-362) and figure legends were modified accordingly. According to our experience, the amount of total protein in one fraction, or the amount of immunoprecipitated protein complexes from one fraction, should be sufficient for the identification of proteins by mass spectrometry. However, we do not have our own experience on mass spec analysis after MDR enrichment, and therefore, we left it out from the text.  

Page 10-11, rows 380-381. It is not clear to me whether authors have used the MDR protocol to isolate spermatogonia and early meiotic (leptonema/zygonema) cells using juvenile mice with not success, or if the inability to isolate the above cell types refer to the use of adult testes as starting material. I believe that if authors have used the MDR protocol starting from juvenile mice testes with success, this should be described. In describing the MDR protocol applied to juvenile mice, authors should specify how many testes are used, protocol-specific differences relatively to adult testes, germ enrichment in each fraction, and RNA/protein amount collected, as shown in Figures 2B and 3A-B.
We have only used adult mice so far. Because STA-PUT has been successfully used to enrich meiotic cells from juvenile testes, we assume that the MDR could be used for similar approaches. However, we have not tested the performance of MDR protocol in enriching early spermatogenic cells from juvenile testes. The text has been modified to clarify this issue (lines 418-424). 

Minor Concerns:
Fig. 4. I would add to the protocol overview the amount of starting material and average amount of RNA and proteins (output) obtained in fractions 1(ES), 2-9 (RS) and 13-16(Spc).
We have included the information about the starting material and average number of cells as well as amount of RNA/proteins obtained per fraction in the Figure. 

Reviewer #2:

Manuscript Summary:
In this manuscript, the authors Ros et al. described a protocol named MDR to isolate subpopulations of pachytene spermatocytes, round spermatids and elongating spermatids from mouse testes. Compared to classical methods termed STA-PUT velocity sedimentation by unit gravity and fluorescence-activated cell sorting (FACS), several advantages of this protocol include fewer animals cost, less time usage, as well as no requirement for specialized training or instruments while pertaining good validity. This protocol would be particularly useful in many labs that are not yet equipped with STA-PUT apparatus to study spermatogenesis. However, the manuscript requires substantial improvements to reach the publication level.

Major Concerns:

1. Since this simplified protocol can be applied for isolation from postnatal mouse testes of at least three cell populations, exemplified here by pachytene spermatocytes, round spermatids and elongating spermatids, the abbreviation "MDR" (Modified Density gradient for Round spermatids) sounds not that inclusive. Could it be "SDG" (Simplified Density Gradient Method for Germ Cells)?
This protocol was originally developed specifically for the isolation of round spermatids from which it took the colloquial abbreviation of MDR. In our hands, the protocol performs the best for enriching round spermatids and the purity of round spermatid factions is superior to the purity of other cell types (see lines 83-84). Therefore, to highlight this, we would like to keep the abbreviation MDR if possible.

2. Lines 295-297: "…This protocol has been optimized particularly for round spermatids…and we routinely obtain highly pure round spermatid fractions (up to 95%)". The STA-PUT method can routinely yield more than 94% purity for steps 1-8 round spermatids (Bellve, A.R. 1993). So, it's not clear what the optimization here indicates.
We are sorry about this unclearly formulated sentence. What we mean is that when we were developing the protocol, we were mostly interested in obtaining enriched round spermatids and therefore, the conditions (the design of the gradient, sedimentation time etc.) were optimized to favor their purity over other cell types. We did not intend to compare it to the STA-PUT method, which yields very similar purity for round spermatids. We have modified the sentence (lines 315-317).  

3. It's confusing that either spermatocytes or pachytene spermatocytes are presented in figures and the main text. It can be much clearer because spermatocytes do not indicate any single specific type. In addition to DAPI, immunofluorescent staining should be done to prove the 75% purity for pachytene spermatocytes, in which the commercially available yH2AX antibody can be used to mark the prominent feature of formation of XY body.
We have included new representative results (Figure 2C and D) to show that the isolated spermatocytes have sex bodies (anti-H2AX) and are therefore pachytene spermatocytes. We modified the text throughout the manuscript to specify the type of spermatocytes (including the title). In the same figure, we have also included example images showing staining of round spermatid fractions with anti-DDX4 antibody (chromatoid body staining) and PNA (acrosomal staining) to validate these fractions. A new paragraph was included in the representative results to describe these stainings (lines 329-344). 

4. In the Discussion, the authors need to add a paragraph to compare MDR with STA-PUT, pointing out fully what details make the process of the former shorter in completion time and what about its shortcomings. Figure 4 seems inconsistent with the step-wise protocol contents. The authors should compare the timeline of the workflow of MDR to a parallel one of STA-PUT.
We agree with the reviewer that the discussion required some revision to bring out the benefits of the MDR method more clearly. The most important feature of the MDR protocol over STA-PUT is that it offers a considerably simplified strategy, particularly from the standpoint of unequipped research groups. Another advantage is that you can get quite nice fractions from only one mouse, therefore reducing the number of mice. We have obtained highly enriched populations from KO mice with reduced testis size as well. Otherwise it is really quite similar to the STA-PUT in terms of the time scale and the purity of cell fractions. We have now modified the discussion to clarify these issues. We have also revised the Figure 4 (see also response to the reviewer #1), but we did not compare the timelines of the MDR and STA-PUT because we came to the conclusion that these methods are timewise very similar. 

5. In the representative results, the authors need to calculate recovered cell numbers of pachytene spermatocytes, round spermatids and elongating spermatids. The STA-PUT method can recover 4.0×10^6/adult testis of pachytene spermatocytes, 20-40×10^6/adult testis of Steps 1-8 round spermatids, and 25-50×10^6/adult testis of Steps 12-16 round spermatids(elongating spermatids). The authors should make sure MDR methods can isolate enough cells to do downstream experiments.
[bookmark: _GoBack]We counted cells and included the information in the results (lines 346-351). The number of cells obtained by MDR is lower than that obtained by STA-PUT, but it is enough for many downstream analyses (see lines 355-362, and new Figures 3C and D). 

Minor Concerns:

1. In step 1.4, should mention the pH of the 1 x KREBS buffer. 
We added the pH for 1X KREBS.

2. In step 2.1, should mention the age and weight of mouse testes. 
We have specified that the mouse should be adult, more than 7 weeks old, and the weight of an adult testis is 80-120 mg.

3. In step 5.5, should indicate the different cell diameters. 
We have modified the text to include the diameters of DAPI-stained nuclei.

4. Line156: please confirm that 3 minutes is enough for dispersing all interstitial cells, the outcome of which from treatment is better to be shown as a photo. 
The outcome of the Collagenase digestion (separation of the tubules from each other) will be visualized in the video, and therefore, we suggest not to include a photo to demonstrate this. 

5. Line163: During the trypsin digestion, move the tube to the 34°C, 5% CO2, 95% humidity-incubator? Please explain why not continue the digestion in a 37°C water bath or use a 37°C incubator. 
The physiological temperature for testicular cells is 34°C, and therefore, long digestions are usually done at this temperature. However, the 3 minutes digestion time is so short that for convenience, we do it at 37°C (recommendation by the manufacturer) and the digestion time has been optimized for this temperature. Trypsin digestion is done at 34°C because the length of the digestion is longer. We have added a note in the step 2.4. to explain this.

6. Line168: Before filtering the solution, need to stop the trypsin digestion with 10% FBS? 
It is true that the Trypsin digestion is usually stopped by FBS. However, we have skipped this step because it did not improve the outcome of the MDR enrichment. We have added a note in the setp 2.6. to explain this.

7. Line 317: How many proteins are required for IP and IP-Mass? 
To exemplify that the amount of protein in one MDR fraction is enough for successful immunoprecipitation, we performed IP from individual MDR-enriched fractions with anti-PIWIL1 antibody. Western blot analysis showed that the material obtained from a single fraction is sufficient for IP, and even for the detection of co-immunoprecipitated PIWIL2. This result can be found in the Figure 3D. We also included a Western blot analysis of whole cell extracts made from selected fractions (around 10% of each fraction loaded to the gel) (Figure 3C). The representative results section (lines 355-362) and figure legends were modified accordingly. According to our experience, the amount of total protein in one fraction, or the amount of immunoprecipitated protein complexes from one fraction, should be sufficient for the identification of proteins by mass spectrometry. However, we do not have our own experience on mass spec analysis after MDR enrichment, and therefore, we left it out from the text.  

8. Many errors in spelling, grammar or format should be corrected. 
We have proofread the text and edited the language.

1 Table 2: 0,5 mL? 9,5 mL? - ","should be "."? 
Tables were modified to use a period symbol as decimal separator.

2 Line 45: "The drawback of these techniques it that:…"- "it" should be "is"? 
Corrected.

3 Line 85: "thought" should be "through"?
Corrected.

4 Line 363: "interested" should be "interest" ?
The text was modified.
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