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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.)
2.5.1, 3.1.2, 3.5.2, 3.6.1, 3.6.2, 3.8.2

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.)
Immobilizing the larvae with the tweezer (3.5.2) and insertion of the needle at the correct angle (3.6.2), being careful to not over penetrate is key to ensure success.

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


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. Sandra Newton: This protocol describes the use of Galleria mellonella, as an alternative infection model to study tuberculosis, reducing the number of mammalian models used in research [1].
1.1.1. INTERVIEW

1.2. Sandra Newton: When compared to conventional mammalian models such as mice, G. mellonella is a cheaper, ethically acceptable, and more accessible model to study tuberculosis [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. Masanori Asai: Further optimization of this model will allow for screening of candidate antimycobacterial drug efficacy and toxicity, and will contribute to the development of urgently needed novel therapeutics for tuberculosis [1].
1.3.1. INTERVIEW

1.4. Masanori Asai: G. mellonella possess a complex innate immune system, comparable to that of mammals. The study of host-pathogen interactions may further reveal the role of innate immunity in tuberculosis [1].
1.4.1. INTERVIEW

1.5. Masanori Asai: The use of G. mellonella as an infection model is not limited to tuberculosis, and has been widely used for other bacterial and fungal pathogens over the past decade [1].
1.5.1. INTERVIEW






Section - Protocol
2. Preparation of M. bovis BCG lux for Infection
2.1. To begin, defrost a frozen 1.2 milliliter glycerol stock of Mycobacterium bovis BCG lux (pronounce as My-co-bacterium bo-vis B-C-G lux) [1-TXT], the Montreal vaccine strain transformed with the shuttle plasmid pSMT1 (pronounce as P-S-M-T-one) carrying the luxAB (pronounce as Lux A-B) genes [2-TXT].
2.1.1. WIDE: Talent takes a tube containing stock solution out of a freezer, and places it on a surface. TEXT: All experiments are carried out in a CL2 laboratory within a class 2 microbiological safety cabinet.
2.1.2. MED: Shot of the solution melting. TEXT: BCG lux
2.2. In a labelled 250-milliliter Erlenmeyer flask, inoculate 15 milliliters of Middlebrook 7H9 broth with a defrosted 1.2 milliliter aliquot of BCG lux [1-TXT]. Place the flask in a sealed biosafety container and incubate at 37 degrees Celsius in an orbital shaker incubator at 220 rpm for 72 hours [2].
2.2.1. MED: Talent adds two solutions into a flask. TEXT: See manuscript for details on Middlebrook 7H9 broth composition.
2.2.2. MED: Talent places the flask in a biosafety container, seals, and puts it in an incubator.
2.3. After incubation, prepare 1:10 dilutions of the culture in phosphate buffered saline in luminometer tubes [1]. Vortex, and load the luminometer tubes into the luminometer [2]. Load the substrate, 1% n-decyl aldehyde in absolute ethanol, into the injector platform [3], measure the bioluminescence [4]. 
2.3.1. MED: Talent prepares dilutions in luminometer tubes.
2.3.2. MED: Talent vortexes tubes and loads tubes into the luminometer.
2.3.3. MED: Talent loads substrate into the injector platform.
2.3.4. MED: Focus on the computer screen measuring bioluminescence.
2.4. Convert the bioluminescence to colony forming units to check the growth of BCG lux culture [1-TXT]. Transfer the culture to a centrifuge tube, and centrifuge at 2,175 times g for 10 minutes at room temperature to pellet the cells [2] and discard the supernatant into an appropriate disinfectant with known mycobactericidal activity [3].
2.4.1. MED: Talent converts into CFU on computer. TEXT: The ratio between RLU (relative light unit)/CFU (colony forming units) is 3:1; Optimal growth at 3x108 RLU/mL or 1x108 CFU/mL.
2.4.2. MED: Talent transfers the culture from the Erlenmeyer flask to a 50-ml centrifuge tube and places the flask tube into a centrifuge.
2.4.3. MED: Talent shows the tube after centrifuge, and discards supernatant into a waste bottle containing disinfectant.
2.5. Wash the cell pellet twice in 50 milliliters of PBS-T (pronounce as P-B-S-T) [1-TXT] by centrifuging at 2,175 times g for 10 minutes to prevent bacterial clumping [2-TXT].
2.5.1. CU: Talent adds solution into the 50 milliliters centrifuge tube. TEXT: PBS-T: PBS containing 0.05% polysorbate 80 
2.5.2. [Divided Shot] CU: mixes, and then, places into centrifuge. TEXT: wash twice
2.6. Following the final wash, decant waste supernatant, and resuspend the mycobacterial cell pellet in required volume of PBS-T to dilute the mycobacterial suspension to a desired cell density [1-TXT].
2.6.1. CU: Talent decants waste supernatant and adds in PBS-T. TEXT: 3x109 RLU/ml or 1x109 CFU/mL
2.7. Then, prepare ten-fold serial dilutions of the inoculum in 24-well plates using PBS-T [1]. Plate out 10 microliters of each dilution onto Middlebrook 7H11 (pronounce as seven-H-eleven) agar plates in duplicate to enumerate inoculum CFU counts [2].
2.7.1. MED: Talent adds culture and solutions into the wells of a plate.
2.7.2. CU: Talent pipettes culture from the same 24-well plate to two agar plates.
3. Infecting G. mellonella with BCG lux
3.1. Maintain the purchased instar larvae in the dark at 18 degrees Celsius upon arrival and use within 1 week of purchase [1]. Identify and select healthy larvae for experimentation, based on uniform cream color, appropriate size and weight, high motility [2-TXT], and possessing the ability to right themselves when turned over [3].
3.1.1. CU: Shot of the larvae.
3.1.2. CU: Talent selects healthy larvae. TEXT: No melanization; 2-3 cm in length; ~250 mg
3.1.3. ECU: Talent turns over one larvae, and it turns back.
3.2. Using blunt-end tweezers, carefully count the healthy larvae into a Petri dish lined with a layer of filter paper [1-TXT], and store at room temperature in the dark until use [2]. 
3.2.1. [bookmark: _GoBack]MED: Talent transfers larvae into a dish. TEXT: minimum of 20−30 larvae per group  Author comment: 3.2.1 accidentally shoot as 3.1.1 by mistake. Separate 3.1.1 was taken in addition. Video will match each description and difference will be obvious when reviewing for editing.
3.2.2. MED: Talent places the dish in the dark.
3.3. Prepare the injection platform by taping a 94-millimeter-diameter circular filter paper to a flat raised surface [1]. Aspirate 3 volumes of 70% ethanol into a 25 microliter microsyringe to sterilize, discard, and further rinse with 3 volumes of sterile PBS-T [2-TXT].
3.3.1. MED: Talent tapes filter paper to a surface.
3.3.2. MED: Talent aspirates ethanol three times and then PBS-T three times in the microsyringe. TEXT: 25 G
3.4. Then, resuspend the prepared BCG lux inoculum and aspirate 10 microliters into the sterilized microsyringe [1]. Use a separate syringe to aspirate PBS-T for negative control [2]. Following 10 injections, resuspend the BCG lux inoculum to ensure uniform cell suspension [3].
3.4.1. CU: Talent aspirates inoculum into the microsyringe. Close up of the solution in the syringe.
3.4.2. CU: Talent uses a different syringe to aspirate PBS-T.
3.4.3. MED: Talent resuspend inoculum and shows the suspension.
3.5. Use tweezers to pick up one larva and place onto the injection platform [1]. On the platform, flip the larva on to its back and immobilize by securing the head and tail with the tweezers [2].
3.5.1. CU: Talent transfers one larva to the injection platform.
3.5.2. ECU: Talent uses tweezers to secure the larva.
3.6. Locate the last left proleg counting down from the head of the larva and carefully insert the tip of the needle 5−6 millimeters deep [1-TXT] at a 10−20 degrees angle to the horizontal plane. Inject inoculum from the syringe [2].
3.6.1. ECU: Talent locates the proleg, and inserts needle. TEXT: Do not over penetrate! Videographer: Take multiple shots, as this will be used later.
3.6.2. CU: Talent injects inoculum. Shot from the side of the syringe to show the 10-20 degrees angle.
3.7. After each infection, transfer the infected larva into a Petri dish lined with a layer of filter paper. A single 94-millimeter Petri dish can accommodate up to 30 larvae [1]. Store the Petri dish in a vented dark box inside an incubator at 37 degrees Celsius with 5% carbon dioxide [2].
3.7.1. CU: Talent transfers larvae into a Petri dish.
3.7.2. MED: Talent places the Petri dish in a box then, in an incubator.
3.8. Monitor the survival of the larvae every 24 hours [1]. Larvae are considered dead when they fail to move in response to touch [2]. Record the survival and assess statistical significance with mantle-cox test [3].
3.8.1. MED: Talent takes out the Petri dish from the incubator.
3.8.2. CU: Talent touches the larvae, and the larvae shows no response.
3.8.3. MED: Talent records survival on the paper.
4. Measuring the in vivo Burden of BCG lux in G. mellonella
4.1. Every 24 hours, randomly select five infected larvae and use a cotton bud swab soaked in 70% ethanol to gently sterilize the larval surfaces [1].
4.1.1. CU: Talent uses a swab to wipe the larval surfaces, with five larvae in view.
4.2. Place the larvae individually into 2 milliliter lysing matrix tubes containing 800 microliters of sterile PBS [1]. Then, use a homogenizer to homogenize the larvae for 60 seconds at 6 meters per second [2].
4.2.1. MED: Talent places one larvae into one tube containing buffer.
4.2.2. MED: Talent homogenize the larvae in the tube.
4.3. Centrifuge the lysing tubes at 3500 times g for 5 seconds to remove homogenate from the lids [1], and carefully decant the homogenate into 5 sterile luminometer tubes individually [2]. Reserve 100 microliters of homogenate in a sterile 1.5 milliliter reaction tube [3].
4.3.1. MED: Talent puts lysing tubes into centrifuge.
4.3.2. CU: Talent transfers homogenate into luminometer tubes.
4.3.3. MED: Talent transfers 100 microliters into a 1.5 mL tube.
4.4. Recover any remaining homogenate by washing the lysing matrix tubes with 1 milliliter of PBS-T and pipette into the corresponding luminometer tubes [1]. Vortex the luminometer tubes and measure the bioluminescence of the homogenates on a luminometer [2].
4.4.1. CU: Talent adds buffer into one tube and transfers into a luminometer tube.
4.4.2. MED: Talent vortexes one tube, and places it into a luminometer.
4.5. Then, prepare ten-fold serial dilutions of the reserved 100 microliters of homogenate in 24-well culture plates using PBS-T [1]. Pipet 10 microliters of the dilution onto each Middlebrook 7H11 (pronounce as seven-H-one-one) agar plate, and use a sterile plate spreader to spread [2-TXT].
4.5.1. MED: Talent adds homogenate and solution into wells in one plate.
4.5.2. CU: Talent pipets solution onto agar plate, and spreads. TEXT: Middlebrook 7H11 agar plates: 0.5% glycerol, 50 µg/mL hygromycin, 10% OADC and 20 µg/mL piperacillin
4.6. Incubate at 37 degrees Celsius for 2 weeks [1]. After that, count colony forming units [2]. Determine the RLU/CFU ratio of BCG lux following in vivo infection [3].
4.6.1. MED: Talent places plates into incubator.
4.6.2. CU: Talent shows one plate after incubation.
4.6.3. MED: Talent does calculation on the computer.


Section – Results
5. Results: BCG lux Dose Dependent Virulence
5.1. In this experiment, BCG lux dose dependent virulence was observed in G. mellonella larvae over a 96-hour incubation period [1]. The lethal dose required for 50% larval mortality was determined to be 1 times 10 to the power of 7 CFU [2].
5.1.1. Figure 3
5.1.2. Figure 3 – Video editor: emphasize the blue line.
5.2. Control groups injected with a 10-microliter dose of PBS-T [1] or those simply pricked simulating needle injuries [2], did not affect larval health or lead to an increase in mortality [3].
5.2.1. Figure 3 – Video editor: emphasize the overlapped black and dashed lines, as well as the “PBS” in the description of legend.
5.2.2. Figure 3 – Video editor: emphasize the overlapped black and dashed lines, as well as the “Pricked” in the description of legend.
5.2.3. Figure 3 – Video editor: emphasize the overlapped black and dashed lines.
5.3. For larvae infected with a 2-times 10 to the power of seven CFU dose of BCG lux [1]. melanization of the larval dorsal line was observed from 48 hours post infection [2], and systematic melanization was observed from 96 hours post infection [3].
5.3.1. Figure 4
5.3.2. Figure 4 – Video editor: emphasize the middle larvae.
5.3.3. Figure 4 – Video editor: emphasize the third larvae.
5.4. Infection with a 1 times 10 to the power of seven CFU dose of BCG lux resulted in an initial decline of bioluminescence within the first 72 hours post infection [1]. However, after 72 hours post infection, the bioluminescence of BCG lux started to plateau, indicating the establishment of persistent infection [2]. 
5.4.1. Figure 5 – Video editor: emphasize first 72 hours.
5.4.2. Figure 5 – Video editor: emphasize rest of the green line.
5.5. In this particular infection system, the in vivo ratio of RLU and CFU ranged from 2:1 to 5:1, with an average of 4:1 over the 168-hour time course [1]. 
5.5.1. Figure 6




Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
6.1. Masanori Asai: During injection, remember to secure the larvae so that the risk of over penetration is minimized. Accidental puncture of the gut could lead to increased mortality [1] [2].
6.1.1. Use 3.6.1.
6.1.2. INTERVIEW
6.2. Masanori Asai: By carrying out histopathological analysis, interaction of mycobacteria with the host cells can be visualized. Further transcriptomic analysis could reveal their interaction at a genomic level [1].
6.2.1. INTERVIEW
6.3. Sandra Newton: The use of this infection model may allow for the rapid testing of novel drug candidates at an early stage in development, significantly reducing the numbers of animals used in drug screening [1].
6.3.1. INTERVIEW
6.4. Sandra Newton: This infection model requires the use of a microsyringe which can be associated with needle stick injury. We recommend the use of our injection technique to minimize such risk [1].
6.4.1. INTERVIEW
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