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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___N____  
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__N____ 
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.) _______3.1, 3.3, 4.1, 4.2, 4.3__________________
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.) ____3.3: It might be tricky to inject the bacterial solution and get the whole injection volume in the abdominal cavity. To ease this we use phenol red as a tracer in the injection solution (leaking solution can be visually observed). It is also important to keep the needle opening upwards during the injection to ensure that the opening is inside the fish. 
4.2: Collecting fish internal organs is another difficult step. It might be difficult to remove the kidney which is tightly attached along the spine. The easiest way to collect the kidney together with internal organs is to start detaching the organ block next to the heart with a small spoon and try to detach the kidney already in the very beginning.______
E.  Will the filming need to take place in multiple locations? (Y/N) ___Y___ If yes, how far apart are the locations? ________Same building, different labs_____

1. Introduction (Experimental Goal and Author Interviews) 

A.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Hanna Luukinen: This method can help answer key questions in the field of tuberculosis, such as what is the role of adaptive immune responses and the pathogenesis of this multifactorial disease [1-INT].
1.1.1. Hanna Luukinen says the above statement in an interview-style shot, looking slightly off-camera.
1.2. Hanna Luukinen: The main advantage of this nucleic acid-based method is that both bacterial loads and gene expression levels can be measured from the same individual [1-INT]. 
1.2.1. Hanna Luukinen says the above statement in an interview-style shot, looking slightly off-camera.


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

1.3. All zebrafish experiments have been approved by the Animal Experiment Board in Finland. Methods are performed according to the act and the government decree on the protection of animals used for scientific or educational purposes in Finland.

Protocol: (read by voice talent at JoVE)

2. Culturing of Mycobacterium marinum and Preparation of Bacterial Solution for Infecting Adult Zebrafish
2.1. To begin this procedure, culture M. marinum on a 7H10 (pronounce “seven-H-ten”) plate as outlined in the text protocol [1-MED/WIDE]. Transfer 10 mL of 7H9 (pronounce “seven-H-nine”) medium – containing ADC enrichment, polysorbate 80, and glycerol – to a cell culture flask [2-MED-TXT]. Then, use a sterile 1 μL inoculation loop to aseptically transfer 1 loopful of the M. marinum (pronounce “M mare-in-um”) bacterial mass into the flask [3-MED].
2.1.1. Establishing shot of the talent approaching the laboratory bench while holding a plate (the M. marinum on the plate should be cultured prior to the shoot).
2.1.2. Talent transfers 10 mL of 7H9 medium to a cell culture flask TEXT: ADC enrichment: 10%; Polysorbate 80: 0.2% (v/v); Glycerol: 0.2% (v/v)
2.1.3. Talent uses an inoculation loop to transfer 1 loopful of bacterial mass into the flask.
2.2. Leave the cap loose or use a filter cap to allow for sufficient gas exchange [1-CU], and culture at 29 °C, in the dark without shaking, for 3 – 4 days until the OD600 reaches about 0.7 [2-MED]. Dilute and continuing culturing the bacteria as outlined in the text [3-MED].
2.2.1. Close up shot of the talent putting on the cap loosely.
2.2.2. Talent transfers the liquid culture to an incubator.
2.2.3. Talent dilutes the bacterial culture.
2.3. To begin preparing the bacterial solution for infection, transfer 1 mL of the culture into a fresh tube [1-MED]. Centrifuge at 10,000 x g for 3 minutes [2-MED]. Remove the supernatant and re-suspend the pellet in 1 mL of sterile 1x PBS [3-MED].
2.3.1. Talent transfers 1 mL of the culture to a fresh tube.
2.3.2. Talent transfers the tube to a centrifuge and turns the centrifuge on.
2.3.3. Talent re-suspends the pellet in sterile PBS.
2.4. Using sterile 1x PBS with 0.3 mg/mL of phenol red as a tracer, dilute the suspension to reach the desired bacterial concentration [1-MED]. 
2.4.1. Talent dilutes the suspension with PBS (that contains phenol red)
2.5. After this, use a 1 mL syringe to slowly pull the suspension through a 27-gauge needle, three times [1-CU]. Perform this step just before use for each aliquot [2-MED].
2.5.1. Close up as talent uses a syringe to slowly pull the suspension through a 27-gauge needle.
2.5.2. Talent repeats the action from 2.5.1, but film this as a MED from a different angle take to indicate the action is being repeated.
3.  Experimental M. marinum Infection with Intraperitoneal Injection
3.1. First, pipet a 5 μL droplet of the diluted bacterial solution onto a piece of parafilm film [1-MED]. Then, pull the droplet into a 30 gauge insulin needle [2-CU].
3.1.1. Talent pipets a droplet of the diluted bacterial solution onto a piece of parafilm.
3.1.2. Close up as the talent pulls the droplet into a 30 gauge insulin needle.
3.2. Use a 5 – 8 month old fish for this experiment – with one being a wild-type fish, and the other being a rag mutant fish [1-MED/CU-TXT]. Position these fish ventral side up in the slits of a piece of moist foamed plastic [2-MED].
3.2.1. Close up of the two tanks holding the fish. Alternatively, film some shots (or some B-roll) of the fish in the tanks. TEXT: Rag mutant fish: rag1-/- hu1999
3.2.2. Talent positions the fish in the slits of a piece of moist foamed plastic.
3.3. Inject the insulin needle between the pelvic fins at a 45° angle. Keep the needle opening upwards to ensure that the entire opening is inside the abdominal cavity [1-CU]. Then, slowly inject the bacterial solution [2-CU].
3.3.1. Talent injects the insulin needed as described. Hold on the shot to show that the needle opening is kept upwards. Alternatively, film two shots – one for the injection, and one to emphasize that the needle it kept upwards. Author note: Steps 3.3 and 3.4 are difficult to film separately, so several shoots were taken from the overall action.  
3.3.2. Close up shot as the bacterial solution is injected.
3.4. After this, carefully remove the needle and immediately transfer the fish to a recovery tank filled with fresh tank water [1-MED].
3.4.1. Talent carefully removes the needle and transfers the fish to a recovery tank. Alternatively, film these two actions as separate shots.
3.5. Take samples from the bacterial aliquot in use every 15 minutes on 7H10 plates [1-MED]. Incubate these samples at 29 °C for 5 days to verify the infection dose [2-MED-TXT].
3.5.1. Talent takes a sample from a bacterial aliquot on a 7H10 plate.
3.5.2. Talent transfers the plate to an incubator at 29 °C. TEXT: See text for details on verifying infection dose
3.6. Check the well-being of the fish regularly, making sure to euthanize any fish with infection symptoms by incubating them in water with more than 0.02% of 3-aminobenzoic acid ethyl ester [1-MED].
3.6.1. Talent approaches a tank of fish and checks on them. Make sure this shot lasts the entirety of the voiceover narration. Author note: Also some b-roll of fish swimming in a tank.
4. Collection of Internal Organs
4.1. After euthanizing the fish, insert a pin posterior to the branchiostegal rays [1-CU]. Insert a second pin through the tail, to tack the fish onto the platform [2-CU].
4.1.1. Talent inserts a pin posterior to the branchiostegal rays.
4.1.2. Talent inserts a second pin through the tail.
4.2. Using a scalpel, open the whole abdominal cavity [1-CU-TXT]. Then, use a small spoon and sharp-ended tweezers to collect the internal organs – starting at the heart, and working along the spine, towards the tail, to detach all of the internal organs in one block [2-CU].
4.2.1. Close up of the talent using a scalpel to open the abdominal cavity. TEXT: Rinse instruments with 70% ethanol between individuals. Editor: Keep this text overlay up for all of 4.2 Author note: Same as for the injection steps: 4.2 and 4.3 was hard to film separately and several shoots were taken to film the whole action.
4.2.2. Close up of the talent collecting the internal organs as described.
4.3. Use tweezers to detach the gut net from the cloaca [1-CU], and transfer the organs into a 1.5 mL homogenization tube containing half-a-dozen 2.8 mm ceramic beads [2-MED].
4.3.1. Close up of the talent detach the gut net to the cloaca
4.3.2. Talent transfers the organs into a 1.5 mL homogenization tube containing half-a-dozen 2.8 mm ceramic beads.
4.4. Immediately place the tube on dry-ice to freeze the sample [1-MED]. Store the sample at -80 °C until ready to homogenize [2-MED]. 
4.4.1. Talent places the tube on dry-ice.
4.4.2. Talent transfers the sample to a freezer at -80 °C. 
4.5. After, extracting the DNA and RNA [1-MED-TXT], measure the mycobacterial loads by quantitative PCR as outlined in the text protocol [2-MED].
4.5.1. Talent, at the lab bench, pipettes guanidine thiocyanate phenol solution into the homogenization tube. Alternatively, any pipetting step during the extraction can be shown here. TEXT: See text for details on DNA/RNA extraction
4.5.2. Talent approaches a bench with the PCR device, and sets out the samples. Alternatively, any action during the qPCR analysis can be shown here.
5. Results: Mycobacterium marinum Infection Modeling
5.1. In this study, adult zebrafish are infected with M. marinum by an intraperitoneal injection [1-LM]. A high infection dose is seen to lead to a progressive disease, in which the mycobacterial loads continue to increase until the average load reaches about 5 million bacteria, ultimately killing the fish [2-LM].
5.1.1. Figure 2 corrected.pdf – Show only Figure 2A.
5.1.2. Figure 2 corrected.pdf – Still showing only Figure 2A. Visually emphasize the data set for the High Dose (the data set with the squares)
5.2. A low dose, on the other hand, leads to the development of a disease spectrum similar to that seen in human tuberculosis with progressive, latent, reactivated and sterilized infections [1-LM]. In this case, the load continues to increase for 4 weeks, after which the disease reaches a steady-state in a majority of the fish [2-LM]. This data reveals that the initial number of mycobacteria used to infect the fish is a critical determinant for the outcome of the infection [3-LM].
5.2.1. Figure 2 corrected.pdf – Show only Figure 2B.
5.2.2. Figure 2 corrected.pdf – Still showing only Figure 2A. Visually emphasize the data set for the Low Dose (the data set with the circles).
5.2.3. Figure 2 corrected.pdf – Still showing only Figure 2A. Remove all emphasis and hold on Figure 2A for the remaining voiceover narration.
5.3. Rag mutant zebrafish are seen to be unable to sufficiently limit the growth of mycobacteria [1-LM], leading to higher bacterial loads and increased morbidity [2-LM]. This clearly demonstrates the importance of adaptive immunity in controlling mycobacterial infection [3-LM].
5.3.1. Figure 3 corrected.pdf – Show Figures 3A and 3B side-by-side.
5.3.2. Figure 3 corrected.pdf – Still showing only Figures 3A and 3B side-by-side. Visually emphasize the rag-/- data set in Figure 3A (the data set with the squares) during “…leading to higher bacterial loads and increased morbidity.” Visually emphasize the rag-/- data set in Figure 3B (the bold line with no markers that looks like descending stairs) during “…and increased morbidity.”
5.4. The levels of interleukin 4 are significantly higher in the wild type group [1-LM], revealing that the adaptive response is required for the efficient introduction of interleukin 4 [2-LM], but dispensable for the introduction of interferon-γ after mycobacterial infection [3-LM].
5.4.1. Figure 3 corrected.pdf – Show Figures 3C and 3D side-by-side. Visually emphasize the data over the “Wt” (wild type) label in Figure 3C. Hold this emphasis for 6.4.2.
5.4.2. Figure 3 corrected.pdf – Still showing Figures 3C and 3D side-by-side. Hold emphasis from 6.4.1.
5.4.3. Figure 3 corrected.pdf – Still showing Figures 3C and 3D side-by-side. Visually emphasize both data sets in Figure 3D.





6. Conclusion (said by authors on camera)

6.1. Hanna Luukinen: This technique makes it possible to study both active and latent tuberculosis with dormant mycobacteria in the zebrafish, which is an ethical non-mammalian in vivo model [1-INT].
6.1.1. Hanna Luukinen says the above statement in an interview-style shot, looking slightly off-camera. 
6.2. Hanna Luukinen: This protocol enables the collection of both DNA and RNA from the same sample, which makes it possible to combine the mycobacterial burden of the sample with gene expression data of both the host and the bacteria [1-INT].
6.2.1. Hanna Luukinen says the above statement in an interview-style shot, looking slightly off-camera.
6.3. Hanna Luukinen: This technique can be combined with the administration of drugs or vaccine candidates to assess their effect on the mycobacterial loads and immune responses [1-INT].
6.3.1. Hanna Luukinen says the above statement in an interview-style shot, looking slightly off-camera.
6.4. Hanna Luukinen: While attempting this procedure, it’s important to remember to follow local guidelines for personal safety and waste disposal when working with a biosafety level 2 pathogen [1-INT] [6.4.2].
6.4.1. Hanna Luukinen says the above statement in an interview-style shot, looking slightly off-camera.
6.4.2. Use various bacterial culturing shots from 2.1.1 – 2.2.3.

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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