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A. Microscopy: Does your protocol involve video microscopy? N
B. Does your protocol include software usage? N
C. Which steps of from the protocol section below will viewers benefit most from having filmed? 
2.9., 3.4., 3.6., 3.10., 3.11.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
3.6. The most challenging part of this procedure is ensuring that the animals are injected at the same site in a way that minimizes damage to the worm

2.9. The second most challenging step is injecting an equivalent numbers of cells in each worm as determined by CFU counts
E. Will the filming need to take place in multiple locations? N
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the significance of your method to the viewer. Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Matt Anderson: This method can help answer key questions in the Candida field about strain virulence and the contributions of specific genes to those processes. 

1.2. Matt Anderson: The main advantages of this technique are that it avoids ethical concerns regarding animal use, is robust, fast, and cheap and provides high numbers of animals per experiment.   

B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. Andrew Woodruff: Generally, individuals new to this method will struggle, because they will have difficulty assessing worm viability prior to the beginning of the experiment or with inconsistent injection of the worms.

C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
D. Ethics title card: (for human subjects or animal work, does not count toward word length total)
Protocol: (read by voice talent at JoVE)
2. Galleria mellonella Waxworm Larvae and Culture Preparation
2.1. Order larvae from wholesalers and suppliers that do not introduce hormones, antibiotics, or other treatments to the larvae and which are able to ship and deliver live specimens [1-WIDE-TXT].
2.1.1. Talent at computer, ordering larvae, with monitor visible in frame OR Talent on phone, ordering larvae while holding catalog or order sheet or similar (TEXT: Purchase all larvae from same supplier during course of experimentation)

2.2. When the larvae arrive, check each container to confirm the health and viability of the larvae [1-MED-TXT]. 
2.2.1. Talent removing container(s) from package (TEXT: Plan shipping/delivery according to minimize exposure to ≥30 °C weather)

2.3. Healthy larvae will be completely submerged beneath the bedding, moving, and possess a light yellow-tan coloration [1-CU] with few larvae containing black marks or discolorations along the body [2-CU].
2.3.1. Shot of yellow-tan larvae

2.3.2. Shot of larva with black mark/discoloration
2.4. The larvae can be stored in their containers in a ventilated space at ambient temperature for up to two weeks [1-MED].
2.4.1. Talent placing container into ventilated space

2.5. To prepare the yeast cells for Galleria mellonella infection, grow the C. albicans strains to be injected overnight in 3 mL of fresh yeast peptone dextrose broth per strain [1-CU] in standard culture tubes on a rotating drum at medium speed and 30 °C [2-MED].
2.5.1. Cells being added to broth

2.5.2. Talent placing tube(s) onto drum

2.6. The next morning collect the cells by centrifugation [1-MED-over the shoulder-TXT] and wash the yeast three times in 5 mL of fresh PBS per centrifugation [2-CU].

2.6.1. Talent adding tube(s) to centrifuge (TEXT: 5 min, 2500 x g, RT)

2.6.2. Shot of pellet if visible, then PBS being added to tube, with PBS container label visible in frame
2.7. After the last wash, resuspend cells in 1 mL of fresh PBS [1-MED] and transfer the yeast into a microcentrifuge tube [2-CU].
2.7.1. Talent adding PBS to tube, with PBS container visible in frame

2.7.2. Cells being added to tube

2.8. Serially dilute the cells in additional PBS at 1:100, 1:1000, and 1:100,000 concentrations [1-MED-over the shoulder] and count the cells from the 1:100 and 1:1000 dilutions [2-CU].

2.8.1. Talent adding cells to tube(s), with cell dilution labels visible in frame

2.8.2. Cells being added to hemocytometer

2.9. Adjust the cells to a 2.5x107 cells/mL of PBS concentration in a new microcentrifuge tube [1-MED] and confirm the accuracy of the infectious dose by plating the appropriate volume of the 1:100,000 dilution to achieve 100 colony forming units on one yeast peptone dextrose agar plate for each culture to be used in infection [2-CU-TXT].
2.9.1. Talent adding cells to tube, with PBS container visible in frame

2.9.2. At least one YPD plate being spread (TEXT: Culture plates at 30 °C for 48 h/80-120 CFU/plate = accurate inoculum)
3. Galleria mellonella Larvae Infection with Candida Cultures
3.1. To infect the larvae with the Candida cells, first spread a small amount of waxworm bedding into one, empty, 100 x 15-mm sterile Petri dish per biological replicate [1-WIDE-TXT] and sterilize a 10-microliter syringe equipped with a 26-gauge needle three times with 10 microliters of 70% ethanol [1-CU] and three times with 10 microliters of PBS per wash [2-CU].

3.1.1. Talent spreading bedding onto plate (TEXT: Bedding limits dead G. mellonella larvae adherence to Petri dish surface)

3.1.2. Ethanol being pipetted up and down, with ethanol container label visible in frame

3.1.3. PBS being pipetted up and down, with PBS container label visible in frame

3.2. Next, vortex the inoculation dilution of C. albicans [1-MED] and load 10 microliters of cells into the syringe [2-CU-TXT].
3.2.1. Talent vortexing cells
3.2.2. Cells being loaded into syringe (TEXT: Caution: Avoid bubbles)
3.3. Open one container of G. mellonella larvae [1-MED] and use a finger to carefully turn the bedding over to uncover larvae [2-CU].
3.3.1. Talent opening container

3.3.2. Bedding being turned over
3.4. Select yellow-tan larvae of a similar size that are in good health with a lack of black pigmentation on the bodies [1-ECU], using the middle and index fingers and the thumb to pick up one larva in a manner similar to grasping a pencil [2-CU].
3.4.1. Shot of healthy, active larva

3.4.2. Larva being grasped
3.5. Roll the larva onto its back so the legs are facing up [1-ECU], holding the full length of the body between the fingers and thumb so that the larva is unable to curl or pull away from the injection [2-ECU].
3.5.1. Larva being rolled
3.5.2. Shot of larvae held between fingers and thumb
3.6. With the other hand, rotate the syringe so the needle bevel is facing up [1-MED-TXT] and slowly insert the entire length of the bevel into the body at the junction with the rearmost left leg [2-CU], ensuring that the needle penetrates the body and does not simply push the body of the larvae inwards [3-ECU-TXT].
3.6.1. Talent rotating syringe (TEXT: Optional: Sterilize injection site w/ 100% EtOH)

3.6.2. Needle being inserted near rearmost left leg
3.6.3. Shot of needle being inserted w/o pushing body inwards/being gently lifted to confirm penetration (TEXT: Gently lifting confirms appropriate penetration)

3.7. Matt Dunn: “The most critical step in this procedure is the injection of the waxworm in such a way that the damage to the worm’s body is minimized and the full bollus is inoculated.” [1-MED-interview style]
3.7.1. Matt Dunn, speaking the above interview style (looking just off-camera)
3.8. Then inject the full 10 microliters of Candida inoculum [1-CU] and extract the needle [2-CU-TXT].
3.8.1. Inoculum being injected (Videographer: Can combine 3.8.1. and 3.8.2. as appropriate)
3.8.2. Needle being extracted (Videographer: Can combine 3.8.1. and 3.8.2. as appropriate) (TEXT: Repeat for each larva)
3.9. Co-house up to 10 larvae injected from the same Candida culture in each 100 x 15-mm Petri dish following inoculation [1-MED] and incubate the larvae at 37 degrees Celsius for eight days [2-MED-over the shoulder]. 
3.9.1. Talent placing larva into dish
3.9.2. Talent placing dish into incubator/at 37 °C
3.10. Check the dishes every 24 hours to monitor death [1-CU]. The mortality can initially be assessed by darkened pigmentation, the formation of black patches or bodies, and a lack of movement [2-CU].
3.10.1.  Shot of dish at least 24 hours after inoculation
3.10.2.  Use 3.10.1. (Video Editor: please emphasize darkened pigmentation and/or black patches and/or lack of movement when mentioned as possible)
3.11. To confirm mortality, use tweezers to gently roll moribund larvae onto their backs [1-CU] and lightly poke the larva’s underside with the tweezers [2-ECU-TXT]. 
3.11.1.  Larva being rolled

3.11.2.  Underside being poked (TEXT: Non-responsiveness/lack of visible body/leg movement scored as death)

3.12. Larvae that begin to pupate into moths can be included in the analysis but should be removed if they begin to molt [1-CU-TXT]. 
3.12.1.  Shot of pupating and/or molting larva (TEXT: Assess statistical significance via Mantel-Cox statistical test)
4. Results: The MTLa Allele Promotes C. albicans Killing of G. mellonella
4.1. No significant difference in the kinetics of G. mellonella death [1-LM] exist between larvae infected zero or ten days after arrival [2-LM].

4.1.1. Dunn_Figure_2A.psd: JoVE Video Editor: please emphasize blue data line and shading

4.1.2. Dunn_Figure_2A.psd: JoVE Video Editor: please emphasize red data line and shading

4.2. The characteristic signs of illness arise in larvae from both ages that succumb to the infection, beginning with discoloration [1-LM] that gives way to black patches [2-LM] before a total loss of motility and, eventually, death [3-LM].

4.2.1. Dunn_Figure_2B.psd: JoVE Video Editor: please emphasize discoloration in Early discoloration image

4.2.2. Dunn_Figure_2B.psd: JoVE Video Editor: please emphasize black patches in Late discoloration image

4.2.3. Dunn_Figure_2B.psd: JoVE Video Editor: please emphasize larvae in Total discoloration image

4.3. Infection with C. albicans speeds up this process of discoloration and morbidity [1-LM] but does not significantly alter the cascade of phenotypic markers leading to death compared to uninfected [2-LM] or PBS-injected larvae [3-LM].
4.3.1. Dunn_Figure_2C.ai: JoVE Video Editor: please emphasize bottom row of images
4.3.2. Dunn_Figure_2C.ai: JoVE Video Editor: please emphasize top row of images

4.3.3. Dunn_Figure_2C.ai: JoVE Video Editor: please emphasize middle row of images

4.4. Notably, the infection of G. mellonella with mating type-like homo- or heterozygotes from any of the tested clinically-isolated C. albicans strains produces high rates of mortality [1-LM] compared to PBS-injected animals [2-LM], while the injection of prototrophic derivative strains attenuates the lethal effect in this model [3-LM].

4.4.1. Dunn_Figure_3A.psd: JoVE Video Editor: please emphasize green, blue, and purple data lines

4.4.2. Dunn_Figure_3A.psd: JoVE Video Editor: please emphasize red data line

4.4.3. Dunn_Figure_3AandC.psd: JoVE Video Editor: please emphasize green, blue, and purple data lines in original Figure 3C graph
5. Conclusion (said by authors on camera):
5.1. Matt Anderson: It’s important to remember to choose healthy larvae and to be gentle when handling the larvae. If multiple strains are to be inoculated, to take care not to let the Candida cells sit in the PBS for too long.
5.2. Matt Anderson: Following this procedure, other methods, like immunological profiling and Candida localization within larvae, can be performed to answer additional questions about the interactions between the host and fungal pathogens during an infection.

5.3. Matt Anderson: After its development, this technique paved the way for researchers to explore Candida pathogenesis using high-throughput formats.

5.4. Matt Anderson: Don't forget that working with Candida albicans requires care and that standard precautions, including the wear of personal protective equipment, should always be taken while performing this procedure.     
Provided Media

Authors, please list all images, movie files, or 3-D rendered animations that are to be included in the video per editor’s request. The step in the script/video where the files will be inserted should be indicated before the file name (please do not name files with step number, as step numbers may change with revisions). For example:

3.1.1. Figure1.tif - dual color imaging of tumor angiogenesis at 40X 

3.1.2. 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. 
Dunn_Figure_2A.psd

Dunn_Figure_2B.psd

Dunn_Figure_2C.ai

Dunn_Figure_3A.psd

Dunn_Figure3AandC.psd
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 in the email accompanying the finalized script.
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