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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__Y___  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: We have this general adapter for making movies using your smartphone. Will this be sufficient? Smartphone adapter for microscopes: http://www.agarscientific.com/hookupz-universal-is-100.html
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)_N_______ If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) __2.1, 2.6,_3.1, 3.6,_4.4, 4.6_______________________________________

D.  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.) __4.6 _________________________

E.  Will the filming need to take place in multiple locations? (Y/N) __y_____ If yes, how far apart are the locations? ____3 labs on two floors.
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A. Experimental Goal (read by voice talent at JoVE):
The overall goal of this procedure is to generate organoids and use them as a three-dimensional model for infection biology. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Sina Bartfeld: This method can help provide answers to questions in the field of infection biology.  USE INSTEAD 1.0. Hans Clevers: My lab has discovered a marker gene for stem cells, Lgr5. Since then we have learned to grow single stem cells in culture into organoids. These organoids are helpful for the study of cancer as well as for infection biology.
1.2. Sina Bartfeld: The main advantages of this technique over modeling infection with cancer cell lines are that the cells used are primary non-transformed epithelial cells and that a three-dimensional structure is preserved. 
Authors: Please memorize all lines before filming.
Protocol (read by voice talent at JoVE):
2. Isolation and Seeding of Gastric Glands
2.1. Beginning with approximately 1 cm2 of fresh gastric tissue in a dry 10 cm Petri dish (2.1.1-MED), use forceps to carefully remove the mucus and muscle layer (2.1.2-CU). Wash the tissue in cold chelating buffer with gentle back and forth movements (2.1.3-MED-TXT).
2.1.1.  Show talent sitting at the tissue culture hood with the dish with tissue in it
2.1.2.  *Film as written

2.1.3.  *Film as written, TEXT: See text protocol for chelating buffer components

2.2. Move the washed tissue to a new, dry 10 cm dish (2.2.1-MED). Cut the tissue into 25 to 50 small pieces approximately 2 to 5 mm2 in size (2.2.2-CU) and use forceps to transfer them to a 50 ml tube (2.2.3-MED).
2.2.1.  *Film as written

2.2.2.  *Film as written

2.2.3.  *Film as written

2.3. After wetting a 10 ml pipette in chelating buffer (2.3.1-MED), add 10 ml of the buffer to the 50 ml tube and wash the pieces by vigorously pipetting up and down 10 times (2.3.2-MED/CU). Allow the pieces to settle and remove the supernatant (2.3.3-CU-TXT). Repeat washing until the supernatant is clear (2.3.4-TXT).
2.3.1.  *Film as written

2.3.2.  Get multiple useable takes, shot will be repeated later
2.3.3.  Show settled pieces in the tube followed by removal of supernatant, get multiple useable takes, shot will be repeated later; TEXT: Approximately 1 min
2.3.4.  Use shot 2.3.2, TEXT: Repeat washing 5-10X
2.4. Next, pipette 20 ml of 1x chelating buffer supplemented with 10 mM EDTA onto the tissue pieces and incubate them for 10 min at room temperature (2.4.1-MED). Invert the tube gently every 2 min (2.4.2-MED).

2.4.1.  *Film as written

2.4.2.  *Film as written

2.5. Following this incubation, pipette gently up and down 1 time using a 10 ml pipette (2.5.1-MED), allow the pieces to settle, and remove the supernatant (2.5.2). Then, transfer the pieces to a clean 10 cm dish and remove all of the liquid (2.5.2-MED).

2.5.1.  *Film as written

2.5.2.  Use shot 2.3.3

2.5.3.  *Film as written

2.6. Place a glass slide on top of the tissue pieces (2.6.1-CU) and observe the tissue at 10X magnification on an inverted microscope (2.6.2-MED). Pick up the dish and apply gentle pressure to the glass slide (2.6.3-MED-TXT). The rim of the tissue will appear cloudy indicating gland release (2.6.4-ECU/SCOPE).

2.6.1.  *Film as written
2.6.2.  Talent at the microscope. We added a scope shot. This is not necessary, just alternative. It may be useful for the reader to know what the tissue looks before and after release. Scope shots are at 4x or 10x. Don't use 4x, please use a 10x shot to correspond to the text. If it is unclear to you, what is 4x and what is 10x, compare to take 2 of 2.6.4., which is 10x.
2.6.3.  *Film as written, TEXT: Use new, sterile gloves
2.6.4.  *Film as written; could require a scope shot. If you use scope shot, use take 2. 
2.7. Collect the released glands and tissue pieces in 30 ml of cold basal medium (2.7.1-MED-TXT). Allow the tissue fragments to settle and collect the supernatant, now containing the glands, into 2 15 ml tubes (2.7.2-MED).
2.7.1.  *Film as written, TEXT: See text protocol for basal medium components
2.7.2.  *Film as written
2.8. Centrifuge the tubes at 200 times g for 5 min at 4 oC (2.8.1-MED). Discard the supernatant and store the resulting pellets on ice (2.8.2-MED).
2.8.1.  *Film as written

2.8.2.  *Film as written

2.9. To seed the glands, suspend the pellet in 60 μl of basement matrix on ice (2.9.1-MED-TXT). Separately, prepare 5 sterile 1.5 ml tubes each containing 50 μl of basement matrix (2.9.2-MED).
2.9.1.  *Film as written, TEXT: See protocol for matrix composition
2.9.2.  Only show preparation of the final tube but have all 5 tubes in the shot
2.10. Transfer 10 μl of the suspended glands into one of the tubes containing 50 μl of basement matrix (2.10.1-MED). Make a serial dilution by transferring 10 μl from this first dilution to the next 1.5 ml tube, and repeating for the remaining tubes (2.10.2-MED).

2.10.1.  *Film as written

2.10.2.  Show the first serial dilution and possibly the second, with other tubes in the background.
2.11. Now, pipette 50 μl of the suspended gland dilutions from each 1.5 ml tube into individual wells of a pre-warmed 24-well plate (2.11.1-MED). The drop should form a dome (2.11.2-ECU). Carefully place the plate into a cell culture incubator and let the basement matrix solidify for 10 min (2.11.3-WIDE/MED-TXT).
2.11.1.  *Film as written

2.11.2.  *Film as written

2.11.3.  *Film as written, TEXT: 37 oC, 5 % CO2, humidified atmosphere 

2.12. After preparing the appropriate culture medium, carefully remove the plate containing the now solidified basement matrix (2.12.1-WIDE/MED-TXT) and add 500 μl of the medium to each well (2.12.2-MED).
2.12.1.  If possible have a bottle of medium in the shot, TEXT: See text protocol for medium supplementation
2.12.2.  Get multiple useable takes, shot will be repeated later
2.13. Return the plate to the cell culture incubator (2.13.1-WIDE/MED). Refresh the medium every 2 to 3 days (2.13.2).

2.13.1.  *Film as written

2.13.2.  Use shot 2.12.2

3. Passage of Gastric Organoid Cultures
3.1. To prepare to passage the organoid cultures, hold the tip of a Pasteur pipette in the flame of a Bunsen burner and leave it to cool (3.1.1-MED). The tip should be narrowed from 1.5 mm to approximately 0.5 mm (3.1.2-LM).
3.1.1.  *Film as written

3.1.2.  Lab Media: Figure 1

3.2. After incubation, remove the plate now containing organoids from the cell culture incubator (3.2.1-MED-TXT). Aspirate the medium from 1 well (3.2.2-MED).
3.2.1. *Film as written, TEXT: Mouse culture = 7 days; Human culture = 14 days
3.2.2.  *Film as written
3.3. Add 1 ml of cold basal medium to the well and vigorously pipette up and down to break up the basement matrix (3.3.1-MED). Transfer the contents of the well to a 15 ml tube and place it on ice (3.3.2-MED).
3.3.1.  *Film as written

3.3.2.  *Film as written
3.4. Wet the pipette in basal medium (3.4.1-MED). An optimally narrowed pipette will take up the medium visibly slower (3.4.2-ECU) than an un-narrowed pipette (3.4.3-ECU). Then, break up the organoids by pipetting vigorously up and down 10 times (3.4.4-MED).
3.4.1.  *Film as written

3.4.2.  Show narrowed pipette taking up medium

3.4.3.  Show normal pipette taking up medium; (Video Editor: Show 3.4.2 and 3.4.3 as a split screen with the word “Narrowed” for 3.4.2 and the word “Un-narrowed” for 3.4.3)
3.4.4.  *Film as written 

3.5. Add 9 ml of cold basal medium (3.5.1-MED) and centrifuge the tube for 5 min at 200 times g and 4 oC (3.5.2-MED). After discarding the supernatant, carefully resuspend the pellet in 250 μl of basement matrix and place the tube on ice (3.5.3-MED).

3.5.1.  *Film as written

3.5.2.  *Film as written

3.5.3.  Start with just the pellet and show the resuspension and placing the tube on ice
3.6. Place a 50 μl drop of the basement matrix containing cells into each well of a pre-warmed 4-well cell culture plate (3.6.1-MED). Place the plate carefully back into the incubator and allow the basement matrix to solidify for 10 min (3.6.2-WIDE/MED).

3.6.1.  *Film as written

3.6.2.  *Film as written

3.7. Now, remove the plate from the incubator and add 500 μl of basal medium supplemented with growth factors (3.7.1-MED). Return the plate to the incubator and replace the medium every 2 to 3 days (3.7.2-WIDE/MED).

3.7.1. Just show adding medium

3.7.2.  Just show putting plate back in the incubator
4. Microinjection of Organoid cultures with Helicobacter pylori
4.1. To begin microinjection of organoids, harvest H. pylori bacteria and wash them in basal medium according to standard protocols (4.1.1-MED-TXT).
4.1.1.  Just show washing, TEXT: See text protocol for bacterial culture and handling procedures 

4.2. Following optical density measurements to determine bacterial number, dilute the culture to 1 times 109 bacteria per ml in basal medium (4.2.1-MED-TXT).

4.2.1.  Just show the dilution step, TEXT: See text protocol for steps to calculate bacterial density

4.3. Pull a glass capillary into two injection needles using a micropipette puller, and store in a clean petri dish (4.3.1-MED/CU-TXT). Then using forceps, break the tip of one injection needle to produce an opening that is approximately 10 μm wide (4.3.2-CU/ECU). 

4.3.1. Show talent removing injection needles from puller and placing them in the petri dish; TEXT: According to manufacturer’s instructions
4.3.2. *Film as written. The tip of the needle is extremely hard to see. From what we could see in the camera, we prefer the last scope shot.
4.4. Working at a stereomicroscope set up inside a sterile culture hood (4.4.1-WIDE), insert the needle into the injection holder and fix it to the micromanipulator (4.4.2-MED/CU).
4.4.1.  Talent at the tissue culture hood, make sure the equipment is visible

4.5.  *Film as written
4.6. Take up approximately 10 μl of the bacterial solution into the needle (4.5.1-CU). Then place the 4-well cell culture plate containing gastric organoids under the stereomicroscope (4.5.2-CU).
4.6.1.  *Film as written

4.6.2.  *Film as written

4.7. Navigating with the micromanipulator, position the needle close to an organoid (4.6.1-SCOPE). Insert the needle into the organoid with one swift movement and then inject approximately 0.2 μl of bacterial solution into the center of the organoid (4.6.2-SCOPE-TXT). Slowly remove the injection needle from the organoid and target the next organoid. (4.6.2. SCOPE) With experience, approximately the 30 largest organoids in a well can be injected in 5 minutes. (4.6.2. SCOPE)
4.7.1.  *Film as written

4.7.2.  *Film as written, TEXT: Approximate MOI of 50. 

4.6.1. and 4.6.2. are filmed together in the SCOPE but only labeled as 4.6.1. This is the crucial step for the scientists who want to repeat this and definitely where most people struggle. It will be useful to see several organoids injected. Please show injection of 3 organoids and for this cut together: Take 3, first organoid injected (not show the second one), Take 10 both organoids. To fill this with voiceover, I added the sentence above. The sentences are NOT necessary, I just added them so you have text for the organoid shots. You can also show organoid shots without text, this will be totally fine in my view.  
4.8. Incubate the injected organoids for the desired time in a cell culture incubator (4.8.1-WIDE/MED).
4.8.1. *Film as written 
4.9. Sina Bartfeld: Often, individuals new to this method will struggle because they will find it difficult to efficiently target the organoids. Injecting large cystic mouse gastric organoids with a dye is a useful method to practice this technique (4.7.1-MED).
4.9.1. Talent speaks toward camera, interview style
5. Results: Organoid Formation and Infection with H. pylori
5.1. Gastric organoids are formed in culture following isolation of gastric glands (5.1.1-LM) and growth in basement membrane containing appropriate growth factors (5.1.2-LM).
5.1.1.  Bartfeld et al Figure 3.pdf: Show only the bottom left panel showing the “zoomed out” view of the organoids in culture. 
5.1.2.  Bartfeld et al Figure 3.pdf: Then add the black box and transition to the image on the bottom right showing the magnified organoids. Add text “Scale Bar = 100 μM”
5.2. The human gastric organoids seen here typically start as small cysts and expand into spheres with a diameter of 50 to 300 μm (5.2.1-LM).

5.2.1. Bartfeld et al Figure 4.tif: Bring up the figure with only Day 1 and the image showing, and then slowly reveal the subsequent days and images as the VO plays. Add text “Scale Bar = 100 μm”.
5.3. After injecting organoids with H. pylori cells, immunohistochemical staining (5.3.1-LM) for the bacterial protein cytotoxicity associated gene A, or CagA (Pronounced: cag-A) shows spiral-shaped H. pylori (5.3.2-LM) in close proximity to the epithelial cells that form the organoid (5.3.3-LM).
5.3.1.  Bartfeld et al Figure 6.tif: Add text “Scale Bar = 100 μm”. Start with showing the upper left panel of figure 6. 
5.3.2.  Bartfeld et al Figure 6.tif: Add text “40 X”. Then bring up the black box from that figure and transition to the other two images, making it apparent that the upper right image is a magnification of the black box present in the lower image. 
5.3.3.  Bartfeld et al Figure 6.tif: Add text “63 X” Use an arrow to point out the bacteria (small red/purple squiggle located in the middle upper third of the black box and subsequent magnified image)
Authors: Please upload unflattened files for the results figures
6. Conclusion (said by authors on camera)
6.1. Sina Bartfeld: With experience, approximately the 30 largest organoids in a well can be injected in 5 minutes. 
6.2. Sina Bartfeld: While attempting this procedure, it’s important to remember that functional growth factors and inhibitors are crucial for the growth of organoids. The activity of the Wnt should be tested in a separate assay for every batch.
6.3. Sina Bartfeld: Following this procedure, other methods like wholemount immunofluorescence, RNA analysis or protein analysis can be performed. Organoids are also amenable to genetic modifications.
6.4. Sina Bartfeld: Don't forget that working with pathogens such as Helicobacter pylori should be performed under Biosafety level 2 conditions.
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.

General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
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