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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N

2. Does your protocol include software usage? N

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. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
2.11, 2.12, 2.13, 4.2, 6.2, 6.4

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. (Please do not list entire sections.)
5.1, 6.4

5. Will the filming need to take place in multiple locations? N

Videographer note: Interviews are setup with channel 1 audio (shotgun mic), channel 2 Lav Mic 
Clip 001 – 1.1.1 – WS & MS
Clip 002 – 7.2.1 – WS & MS
Clip 003 – Sadman Headshot
Clip 004 – Incorrectly labelled: Should be 1.2.1 & 1.4.1 WS & MS
 Clip 005 – 7.3.1 – WS & MS
Clip 006 – Ina Headshot
Clip 007 – 7.1.1 – WS & MS
Clip 008 – NG
Clip 009 – Anna Headshot
Clip 010 – 1.3.1 – WS & MS
Clip 011 – Yang Headshot
Clip 012 – 1.4.2 – Anna in Lab *Note: There were multiple individuals running the protocol not just Anna.


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. Sadman Sakib: This protocol is significant because it allows the generation of testicular organoids which can be used as a platform for studying testicular morphogenesis and for high-throughput drug and toxicity screenings [1]. 
1.1.1. INTERVIEW

1.2. Ina Dobrinski: The main advantage of this technique is that it is highly reproducible, requires a relatively low number of cells, and can be used to generate a large number of testicular organoids with testis specific architecture [1].
1.2.1. INTERVIEW

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

1.3. Yang Yu: This method can be applied to study other systems such as pluripotent stem cells or pancreatic islet cells with the necessary optimizations [1].
1.3.1. INTERVIEW

Introduction of Demonstrator: (Said by you on camera)

1.4. Ina Dobrinski: Demonstrating the testicular tissue enzymatic digestion procedure will be Anna Voigt, a PhD student from my laboratory [1] [2].  
1.4.1. Interview style: Author saying the above 
1.4.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.



Section - Protocol
Testes from 1-week-old piglets were obtained from a commercial pig farm as by-product from castration of commercial pigs. Sourcing of testes was approved by the Animal Care Committee at the University of Calgary. 
2. Testis Tissue Enzymatic Digestion
2.1. Collect the testes (pronounce as testees) into a sterile beaker and wash with PBS containing 1% P/S (pronounce as penicillin streptomycin) [1]. After washing, transfer the testes to a 100-millimeter tissue culture dish with PBS containing 1% P/S [2].
2.1.1. Talent places the sample into a beaker and adds solution, and twirl.
2.1.2. Talent transfers the sample into a dish.
2.2. Use autoclaved scissors and forceps to remove the tunica vaginalis and epididymis [1]. Transfer the isolated testes to a new 100-millimeter dish and wash thoroughly with PBS containing 1% P/S (pronounce as penicillin streptomycin) [2].
2.2.1. CU: Talent cuts tissues away.
2.2.2. Talent transfers the sample to a new dish, and adds solution to wash.
2.3. 
2.3.1. CU: Talent peels the sample. Videographer comment: Clip 017 – 2.3.1 – 2.4.2 – Shot were combined for this step
2.4. Cut the testes along the longitudinal axis directly under the tunica. Then peel the testes out of the tunica using two forceps [1], and place it into a new 100-millimeter dish containing of 1 milliliter of DMEM with 1% P/S (pronounce as penicillin streptomycin) [2].
2.4.1. CU: Talent cuts and peels. Author comment: Step 2.3.1 and 2.4.1 have been combined. Please add 2.3.1 before 2.4.1 under same voice over
2.4.2. Talent places the sample into a new dish.
2.5. Mince the peeled testes with sterile scissors into 1-2-millimeter tissue pieces [1]. After chopping, use sterile forceps to remove white fragments of connective tissue [2]. 
2.5.1. CU: Talent minces the sample.
2.5.2. CU: Talent removes white fragments.
2.6. Transfer the minced tissue pieces into solution A in a 50-milliliter tube and top it up to 50 milliliters with DMEM to obtain a concentration of 0.4 milligrams per milliliter for collagenase IV S (pronounce as four-S), and a concentration of 0.8 milligrams per milliliter for collagenase IV W (pronounce as four-W) [1]. 
2.6.1. Talent transfers tissues into solution and adds more solution.
2.7. Place the tube containing the tissue pieces into a 37 degrees Celsius water bath for 30 minutes [1], gently invert the tube every 5 minutes. 
2.7.1. Talent places the container into a water bath. Videographer: Take multiple shots, as this will be used later.
Videographer comment: Clip 021 – 2.7.1 – Take 1 – NG
Clip 022 – 2.7.1 – Take 2 – Good  Series 
Clip 023 – 2.7.2 – Take 1 – Good Series
Clip 024 – 2.7.2a – Take 1 – Added shot of timer, if needed
2.7.2. Talent inverts the tubes. Videographer: Take multiple shots, as this will be used later.
2.8. After 30 minutes, centrifuge the tube at 90 times g with brakes at 25 degrees Celsius for 1.5 minutes [1]. 
2.8.1. Talent places the tube into a centrifuge. Videographer: Take multiple shots, as this will be used later.
Videographer comment: Clip 025 – 2.8.1 – Take 1 – NG
Clip 026 – 2.8.1 – Take 2 – Good Series
Clip 027 – 2.8.1a – Added shot, if needed, alternate on centrifuge
2.9. Discard the supernatant, add 40 milliliters of solution B and top up to 50 milliliters with DMEM to obtain a concentration of 1.2 milligrams per milliliter of collagenase IV W [1]. Place the tube into 37 degrees Celsius water bath for 30 minutes [2], and gently invert the tube every 5 minutes [3].
2.9.1. Talent removes supernatant, adds solution into the tube, and adds more solution.
Videographer comment: Clip 028 – 2.9.1 – Take 1 – NG
Clip 029 – 2.9.1 – Take 2 – Good
Clip 030 – 2.9.1 – Take 3 – Best

2.9.2. Use 2.7.1.
2.9.3. Use 2.7.2.
2.10. Centrifuge the tube at 90 times g with brakes at 25 degrees Celsius for 1.5 minutes [1]. After that, discard the supernatant and wash once with PBS with 1% P/S [2]. 
2.10.1. Use 2.8.2.
2.10.2. CU: Talent removes supernatant and adds buffer to wash. Videographer: Take multiple shots, as this will be used later.
Videographer comment: Clip 031 – 2.10.2 – Take 1 – Good
Clip 032 – 2.10.2 –Take 2 – Also Good
2.11. Carefully collect the tubules from the top and place into a new 50-milliliter tube [1]. Top up the tube with PBS up to 50 milliliters [2]. Centrifuge the tubules at 90 times g with brakes at 25 degrees Celsius for 1.5 minutes [3]. Discard the supernatant, and add fresh PBS to wash two additional times [4-TXT].
2.11.1. ECU: Talent collects tubules and transfers into a new tube.
2.11.2. [Added shot] top up of 50 ml
2.11.3. Use 2.8.2.
2.11.4. Use 2.10.2. TEXT: Wash 2x more
2.12. After the last PBS wash, remove the supernatant and resuspend the seminiferous tubules in 5 milliliters of PBS. Then add 15 milliliters of 0.25% trypsin-EDTA to the tubules [1]. Place the tube in a 37-degree Celsius water bath [2] and gently invert every 2 minutes [3].
2.12.1. Talent removes supernatant and adds buffer to resuspend, and then adds another solution.
2.12.2. Talent places the tube in a water bath.
2.12.3. Talent takes out the tube to invert. Videographer comment: Take 1 – 2 attempts, second one good
	2.12.3a – Added shot of timer, if needed
2.13. After 5 minutes, evaluate the enzymatic digestion of tubules to single cells under the microscope with 10 microliters of sample on a tissue culture late [1]. Every 2 minutes, place the sample under the microscope to observe [2].
2.13.1. Talent places the samples under a microscope. Videographer: Take multiple shots, as this will be used later.
2.13.2. SCOPE: Talent shows the tubules.
2.14. If mostly single cells can be detected, stop the reaction with 5 milliliters of FBS [1] and filter through a 70-micron mesh and then through a 40-micron mesh [2]. 
2.14.1. Talent shows the single cells, and then adds 5 mL of buffer. Videographer comment: 2.14.1 & 2.14.2 – Together. Author comment: Still images of the single cells will be provide.
2.14.2. Talent filters twice.
2.15. Centrifuge the single cells at 500 times g with brakes at 25 degrees Celsius for 5 minutes [1], resuspend in 50 milliliters of enrichment medium [2] and count the number of viable cells using a hemocytometer [3-TXT]. 
2.15.1. Use 2.8.2.
2.15.1a – CU of 500g on centrifuge as it is different from previous centrifuge shots
2.15.2. Talent resuspends the cell.
Videographer comment: Clip 044 – 2.15.2 – Take 1 – NG
Clip 045 – 2.15.2 –Take 2 – Good
2.15.3. Talent counts the viable cells. TEXT: starting cell population
2.16. Transfer 20 x 106 of this starting cell population into each of two ultra-low attachment 100-millimeter Petri dishes [1], and incubate in a tissue culture incubator at 37 degrees Celsius, 5% carbon dioxide, and 21% oxygen for 2 days [2].
2.16.1. Talent transfers cells into two dishes.
2.16.2. Talent places the dishes into an incubator.
3. Germ Cell Enrichment
3.1. Seed 20-25 x 106 cells of the remaining starting cell population per 100-millimeter tissue culture dish in a total volume of 8 milliliters of enrichment medium [1]. Place the dish into an incubator [2] and after 1.5 hours, ensure that the majority of Sertoli cells are attached to the plate [3]. 
3.1.1. Talent transfers cells into 8 dishes.
3.1.2. Talent places the dishes into an incubator.
3.1.3. CU: Talent shows the cells attached to the plate. Videographer comment: 3.1.3 – Will be a scope still supplied by authors
3.2. Slightly tilt 2 plates to collect and combine the supernatant into one new 100-millimeter plate, and place it back into the incubator [1]. After 1 hour, again combine the supernatant of 2 plates to a new 100-millimeter plate [2]. Place the plates back into the incubator for overnight [3].
3.2.1. Talent tilts two plates to combine supernatant in a new plate, and places it into an incubator.
Videographer comment: Clip 051 – 3.2.1 – Take 1 – Includes all steps of returning plates to incubator
Clip 052 – 3.2.1a- Added shot, combine 2 plates
3.2.2. Talent takes out the plates and combines into a new plate.
3.2.3. Talent places the plates into the incubator. Videographer comment: 3.2.3, 3.3.1 – Refer back to Clip 51
3.3. Then, collect the enriched germ cells in two fractions, non-adherent fraction and slightly adherent fraction [1]. Collect the supernatant as the non-adherent fraction [2].
3.3.1. Talent takes out the plates from the incubator.
3.3.2. Talent collects supernatant.
Videographer comment: Clip 054 – 3.3.2 – Take 1 – Good first half
Clip 055 – 3.3.2 –Take 2 – Second plates
3.4. For the slightly adherent fraction, wash the plates gently with PBS, treat with 2 milliliters of 1:20 dilution of 0.25% trypsin-EDTA for 5 minutes at room temperature [1]. Stop the reaction by adding 2 milliliters of enrichment medium and collect in the non-adherent fraction tube [2].
3.4.1. Talent adds PBS, and then adds another 2 milliliters of solution to the dish.
3.4.2. Talent then adds 2 milliliters of solution, and transfers into a tube.
4. Preparation of Cells and Microwells
4.1. Combine the starting cell preparation and the enriched germ cells in a tube to obtain a working cell preparation containing 25% germ cells [1]. Centrifuge at 500 times g with brakes at 25 degrees Celsius for 5 minutes [2]. 
4.1.1. Talent combines two cell cultures.
4.1.2. Talent places the tube into the centrifuge.
4.2. Discard the supernatant and resuspend the cells in 20 milliliters of organoid formation medium to reach a concentration of 2.4 x 106 cells per milliliter [1]. In a new tube, add 1 milliliter of the solution containing cells. [2-TXT].
4.2.1. CU: Talent discards the supernatant, and adds medium to resuspend.
4.2.2. Talent adds solution into the tube. TEXT: Working Cell Suspension
Videographer comment: Clip 058 – Change of technician (Yang)
Clip 063 – 4.2.1 
Clip 064 – 4.2.2
4.3. [bookmark: _Hlk14674570]Add 0.5 milliliters of surfactant rinsing solution to each well in a microwell plate [1]. Ensure that no air bubbles are trapped in the well [2]. To remove air bubbles [3], centrifuge the plate at 2,000 times g with brakes at 25 degrees Celsius for 2 minutes [4]. 
4.3.1. CU: Talent adds solution to a well.
4.3.2. ECU: Shot of a well with no bubbles. Videographer comment: Will be stills provided by author
4.3.3. ECU: Shot of a well that has bubbles. Videographer comment: Will be stills provided by author
4.3.4. Talent places the plate into a centrifuge.
4.4. Observe the plate under a low-magnification inverted microscope [1], to verify that the bubbles have been removed from the microwells [2].
4.4.1. Talent places the plate under a microscope.
4.4.2. SCOPE: Talent shows a plate without bubbles. Author comment: Still images will be uploaded
4.5. Cover the plate with a lid and incubate for 30 minutes at room temperature [1]. After the treatment is complete, remove the rinsing solution and immediately wash the plate with sterile water or PBS [2].
4.5.1. 
4.5.2. Talent removes solution and adds solution to the plate.
Videographer comment: Clip 066 – 4.5.2 – Take 1 – NG
Clip 067 – 4.5.2 – Take 2 –Good

5. Generation of Testicular Organoids
5.1. Add 0.5 milliliters of organoid formation medium to each well [1] and centrifuge at 2,000 times g with brakes at 25 degrees Celsius for 2 minutes to remove any trapped air bubbles [2]. Observe the well under a low-magnification inverted microscope to verify that the air bubbles have been removed [3]. 
5.1.1. Talent adds medium into a well.
5.1.2. Talent places the plate into a centrifuge.
5.1.3. SCOPE: Talent shows the well with no bubbles. Author comment: Still images will be uploaded
5.2. Add 0.5 milliliters of the working cell suspension and gently mix by pipetting up and down [1]. Centrifuge at 500 times g with brakes at 25 degrees Celsius for 5 minutes [2]. Use an inverted microscope to verify that the cells have clustered within the microwells [3].
5.2.1. Talent adds cell suspension, and mixes.
5.2.2. Talent places the plate into a centrifuge.
5.2.3. [bookmark: _GoBack]SCOPE: Talent shows clustered cells. Author comment: Still images will be uploaded
5.3. Transfer the plate into a cell culture incubator and culture for 5 days. Change half of the medium every other day [1-TXT]. 
5.3.1. Talent places the plate into an incubator. TEXT: Culture 5 days.
5.4. To recover the organoids, use a wide mouth pipette to gently pipette the medium up and down. This allows the organoids to come out of the microwells [1].
5.4.1. ECU: Talent pipets up and down.
5.5. Collect the organoids [1], fix and perform immunocytochemistry for germ cell marker, Sertoli cell marker, peritubular myoid cell marker and Leydig cell marker and visualize under a confocal microscope [2].
5.5.1. CU: Talent collects sample and washes.
5.5.2. Talent fixes cells and performs immunocytochemistry.
Videographer comment: Clip 076 – 5.5.3 – Added step, Immunocytochemistry step (author wanted separate from previous step).
Clip 077 – CU of bottle for immunocytochemistry


Section – Results
6. Results: Testis-specific Tissue Architecture
6.1. In this study, isolated cells from 1-week old porcine testes that were cultured in the microwells [1] self-organized into spheroids [2], with delineated and distinct exterior and interior compartments [3]. 
6.1.1. Figure 1A
6.1.2. Figure 2
6.1.3. Figure 1B
6.2. The two compartments were separated by a collagen IV+ve (pronounce as Collagen 4 positive) basement membrane [1]. GATA4+ve (pronounce as gata 4 positive) Sertoli cells [2] and UCH-L1+ve (pronounce as U-C-H-L-1 positive) germ cells [3] were in the exterior compartment on the basement membrane [4].
6.2.1. Figure 1B – Video editor: emphasize the green part in each image.
6.2.2. Figure 1B – Video editor: emphasize the top left image.
6.2.3. Figure 1B – Video editor: emphasize the top right image.
6.2.4. Figure 1B
6.3. α-SMA+ve (pronounce as alpha S-M-A positive) peritubular myoid cells were localized along the inside of the basement membrane [1], while Cytochrome P450+ve (pronounce as Cyto-chrome P-4-fifty positive) Leydig cells were in the center of the interstitium [2].
6.3.1. Figure 1B – Video editor: emphasize the bottom left image.
6.3.2. Figure 1B – Video editor: emphasize the bottom right image.
6.4. This structure is similar to in situ conditions [1], where Leydig cells, peritubular myoid cells are located in the interstitium in the interstitial compartment [2]; and germ cells, Sertoli cells are located at the seminiferous epithelium [3].
6.4.1. Figure 2
6.4.2. Figure 1C– Video editor: emphasize the light blue and purple arrows.
6.4.3. Figure 1C– Video editor: emphasize the red and navy blue arrows.



Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Anna Voigt: It is important to ensure that the cells being used to generate organoids are of optimum quality. Careful attention should be paid during the trypsinization stage of the enzymatic digestion [1].
7.1.1. INTERVIEW – Video editor: B-roll suggestion: Shot 2.13
7.2. Sadman Sakib: Following this procedure, the organoids can be cultured long term to study germ cell differentiation, or analyzed for gene expression, and secreted proteins and hormones [1].
7.2.1. INTERVIEW
7.3. Ina Dobrinski: The ability to create organoids with testis specific cell associations provides a novel in vitro system to study cell-cell interactions important for testis development and germ cell function [1]. 
7.3.1. INTERVIEW


 2018, Journal of Visualized Experiments	Page 10 of 12
image1.png




