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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? NO  
2. Does your protocol include software usage? NO
3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. 2.5, 2.6, 2.8, 3.2, 3.3
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 individual steps using the step numbers listed in this document. 
3.2, 4.1

5. Will the filming need to take place in multiple locations? YES
If yes, how far apart are the locations? 
Within the same building, same floor. Filming will likely be done in several rooms in the same laboratory facility.


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee. 

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.


1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.


1.1. Noora Kotaja: This simple and inexpensive protocol that we call MDR makes it possible to isolate highly enriched populations of round spermatids, pachytene spermatocytes and elongating spermatids from mouse testes.

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


1.2. Noora Kotaja: The main advantage of the MDR protocol is its simplicity. Only standard laboratory equipment and minimal training is needed. The protocol also requires minimal starting material.

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


OPTIONAL Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity. Author NOTE: Change order of statements 1.3. and 1.4. Tiina first, then Opeyemi 


1.3. Opeyemi Olotu: The MDR protocol is great for researchers doing functional studies on male germ cells, for example studying spermatogenesis, factors affecting male fertility or paternal epigenetic inheritance.

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


1.4. Tiina Lehtiniemi: This protocol is simple and easy to learn. Good results can be obtained even from the very first round of MDR cell isolation, though with a bit of experience the results get even better. Author NOTE: This statement was heavily modified to something like “Minimal starting material is required for the MDR method and we in fact routinely obtain good amount of cells using only one adult male mouse”.

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.



Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.5. Procedures involving animal subjects were performed in accordance with the relevant guidelines and regulations for the care and use of laboratory animals at the University of Turku. 


Section - Protocol
2. Animal dissection and preparation of germ cell suspension
2.1. Begin by setting up the necessary equipment and reagents [1]. Set a water bath to 37 C [2] and the cell culture incubator to 34 C, 5% carbon dioxide, and 95% humidity [3]. Place a tube rotator inside the incubator [4].
2.1.1. WIDE: Establishing shot of talent walking to the lab bench. 
2.1.2. Talent setting up a water bath. 
2.1.3. Talent setting up the cell culture incubator.
2.1.4. Talent placing a tube rotor inside the incubator.  
2.2. Prepare and label the appropriate amount of microscopy glass slides [1], then draw a ring of about 1 centimeter in diameter with a grease pen and let the grease dry [2].
2.2.1. Talent labeling the glass slides. 
2.2.2. Talent drawing the ring and setting the slide down.
2.3. When ready to dissect the animal, spray the ventral abdomen of the mouse with 70% ethanol [1] and use scissors to make a V-shaped opening in the abdominopelvic cavity [2]. 
2.3.1. Talent spraying mouse with ethanol. 
2.3.2. Talent cutting the V-shaped opening.

2.4. Pull on the epididymal fat pad with forceps, locate the testes, and remove them with scissors, making sure to avoid disturbing the tunica albuginea (pronounce like this) [1]. Place the testes on a 6-centimeter Petri dish containing 1 X Krebs [2]. 

2.4.1. Talent locating and removing testes. 
2.4.2. Talent putting testes into the Petri dish. 
2.5. Decapsulate the testes and discard the tunica albuginea [1], then slightly disperse the seminiferous tubules by gently teasing them apart with forceps [2]. Transfer them into a 50-milliliter conical tube containing 2 milliliters of freshly prepared collagenase solution [3]. Videographer: This step is important!
2.5.1. Talent decapsulating the testes and discarding the tunica albuginea. 
2.5.2. Talent dispersing the seminiferous tubules. 
2.5.3. Talent transferring the seminiferous tubules into a conical tube.  

2.6. Incubate the tubules in the 37 C water bath for 3 minutes, agitating them gently by rocking [1]. Then, add at least 40 milliliters of warm 1 X Krebs and allow the tubules to sediment at room temperature [2]. Remove the supernatant and repeat the wash once more [3]. Videographer: This step is important!

2.6.1. [bookmark: _Hlk13041233]Talent putting the tube in the water bath and gently rocking it. 
2.6.2. Talent adding Krebs to the tube and the tubules settling at the bottom. 
2.6.3. Talent removing supernatant and adding more Krebs. Author NOTE: Supernatant was removed first by decanting most of the solution and then by pipetting the rest of the liquid with 1ml pipet.

2.7. Add 25 milliliters of freshly prepared trypsin solution [1], place the tube on the rotator inside the cell culture incubator and leave it there for 15 to 20 minutes, rotating at approximately 15 rpm [2]. 

2.7.1. Talent adding the trypsin solution. 
2.7.2. Talent placing the tube on the rotator inside the incubator. 

2.8. Sporadically check the tubules [1]. Once the solution becomes cloudy and only small pieces of the tubules remain [2], place the tube on ice and proceed to the next step [3]. Videographer: This step is important!

2.8.1. Talent picking up tube and looking at it. 
2.8.2. Cloudy solution with small pieces of tubules. 
2.8.3. Talent placing tube on ice. 

2.9. Filter the solution through a 40-micrometer cell strainer into a new 50-milliliter conical tube on ice [1], then centrifuge it at 600 x g for 5 minutes at 4 C to pellet the cells [2]. Carefully pour out the supernatant and tap the cell pellet to resuspend the cells in the remainder of the 1 X Krebs [3]. 

2.9.1. Talent filtering the solution into a new tube. 
2.9.2. Talent putting the tube in the centrifuge and starting it. Videographer: Obtain multiple reusable takes of this shot because it will be reused. 
2.9.3. Talent pouring out supernatant and tapping the cell pellet. 

2.10. Add at least 40 milliliters of cold 1 X Krebs to the resuspended cells [1] and repeat the centrifugation [2]. Then, resuspend the cells by tapping the tube and add 1 milliliter of 0.5% BSA in Krebs [3]. Use a cut pipette tip to resuspend the cells by pipetting up and down, making sure to avoid bubbles [4]. 

2.10.1. Talent adding Krebs to cells. 
2.10.2. Use 2.9.2.
2.10.3. Talent tapping the tube and then adding the 0.5% BSA. Author NOTE: Talent pouring out supernatant and tapping the cell pellet (like in 2.9.3)
2.10.4. Talent pipetting the cells up and down. Author NOTE: Talent adding 0.5% BSA up to 3 ml, and pipetting the cells up and down

2.11. Add 1 to 3 milliliters of 0.5% BSA in Krebs for a final volume of 3 milliliters, filter the cell suspension through a 40-micrometer strainer, and proceed immediately to loading the cells on the BSA gradient [2].
 
2.11.1. Talent adding 0.5% BSA in Krebs. 
2.11.2. Talent filtering the cells. 

2.12. Tiina Lehtiniemi:   You must obtain a homogenous single cell suspension before loading cells on the top of the gradient. Clumped cells will sediment faster contaminating the fractions and disrupting the gradient.

2.12.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


3. Separation of germ cells through the discontinuous BSA gradient

3.1. Set up a 50-milliliter tube vertically on ice, making sure that it is possible to see one side of the tube [1]. Then, cut about 5 to 10 millimeters from the tip of a 10-milliliter serological pipette [2] and mount it on a pipette controller [3]. 

3.1.1. Talent setting up the tube on ice. 
3.1.2. Talent cutting the tip of the pipette. 
3.1.3. Talent mounting the pipette on a controller. 

3.2. Pipette 5 milliliters of the 5% BSA solution into the bottom of the 50-milliliter tube [1]. Gently touch the surface of the 5% solution with the cut tip of the pipette and slowly layer 5 milliliters of 4% BSA solution on top of the 5% solution [2]. Videographer: This step is difficult and important!

3.2.1. Talent pipetting the 5% BSA into the tube. 
3.2.2. Talent carefully pipetting 4% BSA on top of the 5% BSA. 
3.2.3. Tube with a clear line between layers.  Author NOTE: Move 3.2.3. after 3.3.1. 

3.3. Repeat this procedure with other BSA solutions to obtain a gradient of 5% to 1% BSA [1]. A clear line should be visible between the layers [3.2.3.]. Then, carefully load the single-cell suspension on top of the gradient without disturbing it [2]. Let the cells sediment through the gradient for 1.5 hours [3]. Videographer: This step is important!

3.3.1. Talent adding another layers of BSA. Author NOTE: 3%, 2% and 1%, adding of all three layers were shot. 
3.3.2. Talent loading the single-cell suspension on top of the gradient. 
3.3.3. Tube with the 5 layers and cells. 

4. Collection of enriched germ cell fractions
4.1. Mount a pipette tip onto a 1-milliliter pipette and cut it so that the aperture is about 3 millimeters in diameter [1]. Carefully collect the 1-milliliter fractions into separate 1.5-milliliter tubes [2] and store them on ice, making sure to number the tubes in the order that they were collected [3]. Videographer: This step is difficult!
4.1.1. Talent mounting the pipette tip and cutting it. 
4.1.2. Talent carefully collected a fraction and putting it into a tube that is on ice. 
4.1.3. All tubes on ice, with the number on the tube visible.

4.2. Centrifuge the germ cell fractions at 600 x g for 10 minutes at 4 C [1]. Then, taking care not to disturb the pellet, discard most of the supernatant and resuspend the cells by flicking the tube [2]. 

4.2.1. Talent putting tubes in centrifuge and starting it. Videographer: Obtain multiple reusable takes of this shot because it will be reused.
4.2.2. Talent carefully removing supernatant and flicking the tube.  
4.3. Add 1 milliliter of ice-cold 1 X Krebs buffer to each tube [1] and repeat the centrifugation [2]. Discard most of the supernatant, leaving about 100 microliters, and resuspend the cell pellet carefully [3]. 
4.3.1. Talent adding buffer to a few tubes. 
4.3.2. Use 4.2.1.
4.3.3. Talent discarding supernatant and resuspending cells.
5. Analysis of cell fractions 
5.1. To analyze the cell fractions, start by pipetting 20 microliters of 4% paraformaldehyde inside each grease pen ring on a numbered microscopy slide [1]. Immediately add 2 microliters of the resuspended cells from the corresponding fraction [2]. Then, dry the slides at room temperature for at least 1 hour [3]. 
5.1.1. Talent pipetting paraformaldehyde onto a slide. 
5.1.2. Talent adding cells to slide. 
5.1.3. Slide drying.
5.2. Rinse the slides once with PBS [1] and use a mounting medium with DAPI to mount the slides [2]. Analyze each slide under a fluorescent microscope to estimate which particular germ cell type is enriched in each fraction [3]. 
5.2.1. Talent rinsing slide with PBS. 
5.2.2. Talent mounting slide. 
5.2.3. Talent at the fluorescent microscope analyzing slides.
5.3. Once a sample from each fraction has been taken for microscopy, add 1 milliliter of ice-cold 1 X Krebs to each fraction [1] and centrifuge the cells down at 600 to 13,000 x g for 10 minutes at 4 C [2]. Remove and discard the supernatant and continue with the preferred downstream analysis [3].
5.3.1. Talent adding Krebs to a few fractions. Use 4.3.1. 
5.3.2. Centrifuge running. Use 4.2.1. where screen is NOT shown
5.3.3. Talent discarding supernatant from a tube. 



Section – Results
6. Results: MDR Cell Enrichment 
6.1. This protocol works particularly well for enriching round spermatids [1]. Enrichment above 90% was achieved in fractions 2, 3, and 4 [2]. Elongating spermatids tend to stay on top of the gradient [3] and were collected with the first fraction [4].
6.1.1. Figure 2 A, RS fraction only. 
6.1.2. Figure 2 B. Video Editor: Emphasize the beige (RS) part of fractions 2, 3, and 4. 
6.1.3. Figure 2 A, ES fraction only. 
6.1.4. Figure 2 B. Video Editor: Emphasize the blue (ES) part of fraction.
6.2. Due to their large size, pachytene (pronounce ‘pa-kuh-teen’) spermatocytes sediment faster [1] and were collected last. Enrichment was around 75% in fractions 14 and 15 [2].
6.2.1. Figure 2 A, PSpc fraction only. 
6.2.2. Figure 2 B. Video Editor: Emphasize the brown (PSpc) part of fractions 14 and 15.
6.3. The total RNA obtained from the majority of fractions ranged from 0.5 to 2.5 micrograms, enough for downstream RNA analyses [1]. The amount of protein obtained from each fraction typically ranged from 20 to 140 micrograms, which is sufficient for several western blots [2].
6.3.1. Figure 3 A. Video Editor: Emphasize fractions 5 – 21.
6.3.2. Figure 3 B. Video Editor: Emphasize fractions 2 – 20.
6.4. In this protocol, 10% of the protein lysates derived from single fractions was sufficient to clearly detect DDX4, PIWIL1, and PIWIL2 proteins on a standard western blot [1]. 
6.4.1. Figure 3 C. 
6.5. The amount of protein in one fraction was also sufficient for immunoprecipitation using an antibody against PIWIL1, as well as for the detection of co-immunoprecipitated PIWIL2 [1].
6.5.1. Figure 3 D.





Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

7.1. Tiina Lehtiniemi: The protocol works very reliably if you make sure that the gradient is not disturbed at any point and the cells are loaded as a single cell suspension. Author NOTE: Slightly modified to ”Even for a first timer this protocol works very reliably as long as you make sure the pre-treatment of the cells is good and that your gradient is not disturbed at any point.”
[bookmark: _GoBack]
7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
7.1.2. Use 3.3.2.
7.2. Opeyemi Olotu: From a single mouse, you get enough highly enriched cells for many kinds of downstream analyses such as RT-PCR, RNA-sequencing, western blotting or immunoprecipitation.

7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
7.3. Noora Kotaja: The MDR is not the only method for enriching male germ cells, but it is a very convenient tool as no specialized equipment or elaborate training is required. Everybody can do it. 

7.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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