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A.  Will you require JoVE to record video microscopy through a microscope? Y If yes, please list make and model of your microscope: Olympus SZ61 tri-ocular and specify the steps by number/short description: 4.4; 4.12; 7.7; 7.8 and 7.9
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? N

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps using the step numbers listed in this document: 2.4; 2.7; 3.5 and 3.6
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  7.8

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

1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The overall goal of this procedure is to model mucosal candidiasis using the juvenile zebrafish. (Intro) This is accomplished by first loading a solution containing live C. albicans into a micro-needle. (P1) In the second step, a defined volume of the yeast cells is injected into the swimbladder of a juvenile zebrafish. (P2) Next, the fish are screened for a homogenous inoculum and incubated for the desired time. (P3) In the final step, confocal microscopy is used to follow the dynamic interaction of the pathogen with the zebrafish immune system. (P4) Additionally, the swimbladder can be micro-dissected to obtain higher-resolution confocal images. (P5)
No submitted graphic, please use suggested animation directions to create graphic OR use suggested screen shots as appropriate

(P1) micro-needle aspirating solution from conical tube OR 2.5.2. yeast being aspirated
(P2) zebrafish appears, and then needle injects yeast into zebrafish swimbladder OR 2.7.1. yeast being injected into swimbladder
(P3) with “fish … inoculum” please show zebrafish with flapping tail under microscope OR 2.8.1. shot of injected zebrafish swimbladder OR Fig 3C only.ai; with “incubated” have microscope disappear and fish plop into petri dish containing media OR 2.9.2. zebrafish being dumped into recovery dish
(P4) tweezers removing swimbladder from zebrafish OR 3.6.1. swimbladder being removed
(P5) JoVE Gratacap Fig4.eps
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Remi L. Gratacap: My name is Remi Gratacap, I am a postdoc in the lab or Rob Wheeler at the University of Maine. The method presented here can help answer key questions in the fungal immunology and microbiology fields, such as what is the sequence of events leading to failed immune protection at the mucosal level?  

1.2. Robert Wheeler: Demonstrating the procedure will be Remi Gratacap, a post-doc from my laboratory. 

1.2.1. Interview style: Author saying the above 

1.2.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
Protocol (read by voice talent at JoVE):
2. Injecting zebrafish in the swimbladder

2.1. Before beginning the procedure, warm an injection dish containing 2% agarose in a 33(C incubator.
2.1.1. WIDE: Talent enters frame, places dish in incubator
2.2. After 30 minutes, use a 25 ml pipette to remove 100 ml of E3 media plus PTU from a plate of Day 4 post-fertilization zebrafish, taking care not to aspirate any of the fish, and add 2 ml of 4 mg/ml tricaine methane sulfonate stock to the media to anesthetize the animals.
2.2.1. MED: Few seconds Talent aspirating media (TEXT: PTU = 1-phenyl-2-thiourea) 

2.2.2. CU: Few seconds media – but not fish – being aspirated
2.2.3. MED: Talent adding tricaine methane sulfonate stock being added to media, with tricaine methane sulfonate stock container label visible in frame if possible (TEXT: See text for all media/reagent preparation details) 

2.3. After 15 minutes, use a dissecting microscope to identify the fish with inflated swimbladders and use a plastic transfer pipette to transfer 30 zebrafish onto the pre-warmed injection dish. 

2.3.1. SCOPE: Shot of at least one fish with an inflated swimbladder

2.3.2. SCOPE: Few seconds of at least one fish being selected/aspirated with transfer pipette

2.3.3. CU: Shot of at least one fish being deposited into injection dish
2.4. Remove the excess media, then hold the dish at an angle and use a 0.012 inch diameter fishing line super-glued into a borosilicate capillary to make 3 lines of 10 vertically-aligned fish each.

2.4.1. CU: Few seconds excess media being removed

2.4.2. CU: Few seconds dish at angle and fish being moved with fishing line/capillary

2.4.3. CU: Shot of last 1-2 fish being lined up with rest of fish aligned in columns, then shot of 3 columns
2.5. Next thoroughly vortex a tube of freshly prepared C. albicans at a concentration of 1.5x107 cfu/ml, and then aspirate 5 microliters of the yeast into a micro-needle equipped with a new micro-load pipette tip.

2.5.1. MED: Few seconds yeast being vortexed

2.5.2. CU: Few seconds yeast being aspirated into micro-needle

2.6. Set the pulse duration to the appropriate setting. Then rotate the injection dish to reach an angle of 20( between the micro-needle and the head of the fish, aiming toward the back of the swimbladder.
2.6.1. MED: Few seconds Talent setting pulse duration

2.6.2. CU: Few seconds injection dish being rotated

2.6.3. CU: Shot of dish/micro-needle in position (Video Editor: if possible/appropriate, please add arrow or other indicator to show needle is aimed toward back of swimbladder when mentioned)
2.7. Now push the micro-needle into the swimbladder, making sure the bore of the needle is in the lumen, and press the pedal once. 

2.7.1. SCOPE: Few seconds needle injecting swimbladder

2.7.2. CU: Pedal being pressed once

2.8. Verifying which fish has been injected is relatively easy, as the bolus displaces the air bubble and the back of the swimbladder is subsequently filled with media; co-injection of phenol red with the bolus can further facilitate the visualization of a successful injection.

2.8.1. SCOPE: Shot of injected swimbladder (with “Verifying … media”) and then right image with red dots highlighted for “co-injection … injection” from Fig 3C only.ai OR LAB MEDIA: Fig 3C only.ai (Video Editor: with “displaces … media” please add/trace/otherwise indicate dotted lines in center of left image; with “co-injection … injection” please outline/otherwise indicate red dots in right image)
2.9. After injecting all 30 fish, flood the dish with E3 media and then empty the fish into the recovery dish.
2.9.1. MED: Talent adding media to dish

2.9.2. MED: Talent emptying dish into recovery dish (TEXT: Repeat for all experimental groups/control fish)

3. Dissecting the swimbladder
3.1. To dissect the swimbladder, at the experimental end point, fill a 10 ml syringe with high vacuum grease.

3.1.1. WIDE: Few seconds Talent filling syringe with vacuum grease

3.2. Transfer 10 animals into a 1.7 ml centrifuge tube containing 1 ml of E3 media and euthanize the fish with 200 microliters of tricaine.

3.2.1. CU: Shot of at least one fish being added to tube, with at least 1-2 other fish already in tube if possible

3.2.2. MED: Talent adding tricaine to tube (Videographer: More Talent than fish in shot)
3.3. Next, for each animal, arrange 4 drops of vacuum grease in a square, 1 cm apart, on a microslide, and add 2 drops of freshly-prepared 2% low melting agarose to the middle of the square.
3.3.1. CU: At least one drop being placed onto microslide

3.3.2. CU: Shot of square, then at least one drop of agarose being added to middle of square
3.4. Next, place one fish on a separate glass slide under a dissecting microscope to verify that the animal’s heart has stopped beating, and remove the excess water.
3.4.1. MED: Talent placing fish/slide on dissecting microscope stage

3.4.2. SCOPE: Shot of fish without heartbeat, then few seconds water being removed from slide (Videographer: Split action into separate shots as necessary)
3.5. Now use one pair of fine tweezers to hold the head in a fixed position and another to pull down the anterior gut.
3.5.1. SCOPE: Shot of tweezers grasping head, then few seconds other tweezers pulling down anterior gut
3.6. Pick up the swimbladder by the pneumatic duct, separating it from the digestive tract, and place it at the center of one of the prepared microslides before the agarose solidifies.
3.6.1. SCOPE: Few seconds swimbladder being picked up by pneumatic duct

3.6.2. SCOPE/ECU: Swimbladder being placed at center of agarose
3.7. Finally, place a cover-slip over the tissue, gently pushing down until it touches the vacuum grease and the agarose, and image the swimbladder within 10 minutes of harvesting.

3.7.1. CU: Coverslip being placed onto slide, then gently being pushed down

3.7.2. MED: Few seconds Talent at microscope, imaging swimbladder (TEXT: Repeat for all experimental/control animals)
4. Results: Representative C. albicans-infected zebrafish imaging
4.1. Injecting 4 nl of C. albicans at 1-1.5x107 cfu/ml gives the most consistent data, resulting in a range of 10-50 yeast cells per fish; narrowing the inoculum to 15-25 yeast cells gives an even tighter phenotype and response. 
4.1.1. LAB MEDIA: Fig 3B only.ai (Video Editor: with “narrowing … response” please add/indicate brackets and “n.s.” texts)
4.2. Neutrophils play a key role in the resistance to candidiasis in mice and humans, and the infection of the zebrafish swimbladder with live C. albicans leads to a rapid and sustained recruitment of neutrophils that does not occur when heat-killed yeast cells are injected.
4.2.1. LAB MEDIA: Fig 4 A B only.ai 

(Video Editor: with “infection … neutrophils” please indicate left image AND red data bars at 6, 24, and 48 h on graph; 

with “does not … injected” please indicate right image AND dark grey data bars at 6, 24 and 48 h on graph)
4.3. Filaments develop rapidly after injection of the yeast cells, with filamentous growth continuing for the first 48 hours post injection, after which this number starts decreasing.
4.3.1. LAB MEDIA: Fig 4 C D only.ai (Video Editor: with “with filamentous … post injection” please highlight the left graph; with “after … decreases” please highlight the right graph)
4.4. The ability to follow individual fish non-invasively enables these longitudinal studies and highlights the individual-to-individual differences in disease progression and host responses, an experimental protocol that remains impractical in the mouse.

4.4.1. LAB MEDIA: Fig 4C only.ai (Video Editor: with “highlights … responses” please highlight/indicate the green Fish 8 and Fish 1 data lines and texts)
4.5. Imaging the interactions of immune or epithelial cells with C. albicans is relatively easy in the model presented here. However, dissecting the swimbladder as just demonstrated significantly improves the quality of the imaging. This is particularly useful when visualizing transgenic fish lines where the fluorescence is ubiquitously expressed and there is extraneous fluorescence in the surrounding tissue, as observed in these images of a dissected swimbladder from the alpha-catenin:citrine fish line.
4.5.1. LAB MEDIA: Fig 5 B C only.ai
5. Conclusion (said by authors on camera)
5.1. Remi L. Gratacap: Following this procedure, other methods, like morpholino injections or chemical inhibitor treatments, can be performed to answer additional questions, like what is the role of a particular cell type or immune pathway in the resistance to mucosal candidiasis?
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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.  

Fig 3B only.ai

Fig 3C only.ai
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Fig 4C only.ai

Fig 5 B C only.ai
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, as well as an introduction to your videographer, closer to your filming date.
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