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Title: Use of Galleria mellonella as a model organism to study Legionella pneumophila infection
Schematic Overview (read by a voice talent at JoVE)

The overall goal of this procedure is to use the larvae of the wax moth Galleria mellonella to analyze the pathogenesis of the bacterial pathogen Legionella pneumophila. (Intro)  
To begin, this is accomplished by infecting larvae with L. pneumophila strains by injection. (P1)  
During the next 72 hours, induction of larval mortality is indicated by a loss of mobility and the appearance of black pigmentation. (P2)  
Larvae are sacrificed for their haemolymph at various timepoints. (P3) 
The haemolymph is then plated to enumerate the bacteria and visualize the insect cells. (P4)  Ultimately, the analysis of bacterial growth and the use of immunofluorescence microscopy provide insight into the intracellular niche Legionella establish during an in vivo infection and differences in the virulence between strains. (P5)
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Video editor: 

Using the provided graphics:

P1 – The syringe should approach the larva and inject into the larva some solution, then retreat.

P2 – The first larva should shrink down to join all the larva on the plate (faded on). Initially all the larva should be yellow, then the five that turn black should be faded black. At that same time, add the graph in the upper right corner.

P3 – Spin up one of the yellow larva, fade out the graph and dish with other larvae. Introduce the scalpel and an empty version of the tube.  Have the scalpel stick the larva, create a drip and have it fall into the tube.  Then fill the tube with yellow.

P4 – Keep just the tube on the screen – fade out the scalpel and the larva.  Have the tube shrink down and appear to pour the yellow onto the black plate (no dots on it yet), the yellow should be absorbed into the black (not changing the black color) and then the dots on the black should fade on.  Next, timed to “visualize” in the narrative, slide the plate left and introduce the slide/objective/stage on the right.

P5 – This is a simple fade out and fade on, however the left part of the P5 graphic should be replaced with Figure 5.

1. Introductory Interview (spoken by you on camera. Don’t forget to smile!)  

1.1. Gad Frankel: The main advantage of this technique over existing methods, like the Legionella mouse and cell cultures models, is that it is ethically more acceptable and that it allows rapid, cost effective analysis of large numbers of Legionella strains in a multicellular organism.  

1.2. Gad Frankel: Demonstrating the procedure will be Clare Harding, a PhD student from my laboratory. 

Protocol Chapters (read by a voice talent at JoVE):

2. Preparation of L. pneumophila for Infection
2.1. Always work with L. pneumophila at biosafety containment level 2 in microbial safety cabinets, according to local rules.  First, incubate the bacterial plates for four days.
2.1.1. WID: talent plating bacteria in level 2 containment lab hood.
2.1.2. WID: talent loads plates into incubator
2.2. Then, one day before infecting the larvae, resuspend one loop-ful of bacteria, containing several colonies, in one milliliter of pre-warmed AYE broth and measure the suspension’s absorbance at 600 nm. 
2.2.1. MED: at hood, taking a loop-full of bacteria from culture and adding to tube of AYE broth (bottle of AYE broth stock in shot)
2.2.2. CU: loop stirring around the tube and then removed
2.2.3. WID: talent at freestanding spectrophotometer, loading a sample OR MED: talent loads handheld spec. with bacteria sample
2.3. Next, inoculate a fresh three-milliliter AYE culture at an OD600 of 0.1.  Apply any required antibiotics and include a media-only control to ensure sterility of the media.
2.3.1. MED: talent loading cultures from the bacteria stock with measured volume of bacteria, swirling culture between taking aliquots
2.3.2. MED: loading one culture tube with only AYE media
2.4. Incubate the cultures at 37 ºC on a shaker at 200 rpm for 21 hours, to the post-exponential phase, so they can be used for infection.  Then, dilute the culture to give a billion CFU per ml, in D-PBS and quantitate the CFU as a control.
2.4.1. CU: loading cultures onto a shaker, starting the shaking
2.4.2. WID: talent, next day appearance, opens door of incubator, stops shaker, retrieves cultures
2.4.3. MED: at hood, clearly labeled bottle of D-PBS and cultures, talent making new dilutions of cultures with D-PBS
3. Preparation and Infection of G. mellonella
3.1. Prepare a container for the G. mellonella larvae by placing a circular 10-cm filter paper at the bottom of a 10-cm Petri dish.
3.1.1. WID: talent unloading a 10cm Petri dish
3.1.2. MED: setting 10cm filter into 10cm dish
3.2. Using blunt tipped tweezers, place ten healthy larvae of about the same size onto the filter paper.
3.2.1. [labeled as 3.1.1]CU: moving ten larvae from stock location to the dish with blunted tweezers
3.3. Discard unhealthy, brown-colored or blotchy-looking insects. Healthy larvae are uniformly creamy-colored with no areas of dark discoloration and are able to right themselves quickly if turned over. 
3.3.1. ECU: brown/unhealthy/blotchy larva picked up off the filter paper
3.3.2. ECU: healthy/creamy larva on paper, talent tips one over and it rights itself quickly
3.4. Prepare the injection platform by taping filter paper to a safety cabinet.
3.4.1. CU: taping filter paper to cabinet [combined with 3.5.1]
3.5. Then, tape a P1000 tip next to the filter paper to create an injection platform. 
3.5.1. [combined with 3.4.1] ECU: taping the P1000 next to the paper – naked hands used (not sterile)
3.6. Now, sterilize a 20-microliter microtiter syringe by aspirating 70% ethanol and incubating the syringe in 70% ethanol for at least 10 minutes.  
3.6.1. MED: talent puts on gloves, and sterilizes microtiter syringe by sucking up and down 70% EtOH from clearly labeled bottle
3.6.2. CU: show the flowing of ethanol in/out of the syringe, then syringe is allowed to sink into ethanol
3.7. Remove any residual ethanol from the syringe by aspirating and expelling sterile water several times.  Then, aspirate 10 µl of the one billion CFU per ml L. pneumophila suspension.
3.7.1. MED: talent lifts syringe from EtOH bath and then proceeds to flush the syringe with water from a container of water and ejecting into waste, several times
3.7.2. CU: syringe enters the bacteria suspension and draws up 10 microliters
3.8. Take one larva and gently but firmly turn it on its back, bent over the P1000 tip.  
3.8.1. ECU: rotating a larva into position onto the secured pipette tip
3.9. Place the tip of the syringe over the front, right proleg of the larva. Then, gently, insert the tip of the needle into the proleg.  Make certain that the needle is inside the larva and smoothly inject all of the 10 microliter bolus.
3.9.1. ECU: locating the right proleg and placing tip of needle there, then needle punctures larva and begins to injects solution
3.9.2. CU: the smooth pressing on syringe for the injection
3.10. If the syringe is inserted correctly, it should be possible to pick up the larva using only the syringe to transfer it into the chamber.
3.10.1. CU: the needle/syringe is used to lift the larva and transfer it back to chamber
3.10.2. ECU: releasing larva from needle in chamber
3.11. Inject a total of 10 larvae per condition and inject another 10 larvae with just D-PBS as controls.  The injection process is the most technically challenging of the procedure and will require practice.
3.11.1. MED: injecting another larva, complete process 3.7.2 to 3.10.2
3.11.2. ECU: like 3.9.1, second take of same shot
3.12. Finally, tape the dishes closed and place them in secondary containment.  Store them at 37 ºC for the duration of the experiment. 
3.12.1.  MED: taping closed dishes with larvae and placing them into other container
3.12.2. MED: loading the container into the 37 C incubator
4. Analysis of Larval Mortality
4.1. Mortality should be analyzed at several time points post-infection. To examine the mortality of the infected larvae, use blunt tipped tweezers to turn over the larvae and look for movement of the legs.  Healthy larvae should right themselves quickly. 
4.1.1. WID: talent arrives to bench/hood with container with larvae inside
4.1.2. MED: unpacks larvae dishes
4.1.3. ECU: probes the larvae with blunted tweezers, tipping each over and waiting to see if they right themselves – show several executions of step 
4.2. Pigmentation indicates a strong immune reaction to the infection. If there is any movement at all, count the larva as alive.
4.2.1. ECU: a heavily pigmented larva being probed
4.2.2. ECU: moving legs on pigmented larva, indicating it is alive
5. Extraction and Processing of Haemolymph
5.1. At various times, randomly select three larvae and place them into a 14-ml tube.   Put the tube on ice for 5 to 10 minutes, until no leg movement is observed.
5.1.1. Reuse 4.1.1 and 4.2.1
5.1.2. MED: picking three larva and transferring them to a 14-ml tube, on ice
5.2. Then, transfer the larvae to a Petri dish.  Now, use a scalpel to make an incision between two segments near the tail to collect each larva’s haemolymph.  Keep the incisions away from the gut to prevent contamination by gastric juices.
5.2.1. MED: moving larva from tube on ice to dish
5.2.2. ECU: first larva is gripped and scalpel finds location between two segments, then makes incision and haemolymph pours out
5.2.3. ECU: second larva is gripped and points out location of guts with scalpel and then makes incision in larva
5.3. Squeeze the haemolymph out of the larvae into a sterile 1.5 ml centrifuge tube.  A single larva gives between 15 and 50 µl of haemolymph.
5.3.1. CU: the squeezing process to collect all the juice of a single larva, show how it is tactically dripped into the collection tube – continue the shot by showing this for the next larva
5.3.2. ECU: collection tube as last of juices are dripped in, showing full collection volume from three larvae
5.4. Now, the haemolymph must be used within 10 minutes or it will coagulate.  To determination its viability, mix 20 µl of the haemolymph with 20 µl of Trypan blue solution in one well of a 96 well plate.  Load three wells this way. (TEXT: 0.02% Trypan blue (v/v) in PBS)
5.4.1. MED: talent discard larvae and takes sample of juices from tube with pipette
5.4.2. CU: adds samples of juices to a well of 96 well plate
5.4.3. MED: loads pipette with blue solution and adds to sample of juice on plate
5.5. Incubate the reactions for 5 minutes at room temperature.  Then, for each reaction, use 10 µl to count the viable, non-blue cells with a haemocytometer.

5.5.1. CU: loading 10 microliters from one reaction into a haemocytometer

5.5.2. MED: reading the haemocytometer under the microscope
5.6. To process the haemocytes for microscopy, pipette the haemolymph collection onto a 10 to 15 mm glass coverslip in a 24 well plate. 
5.6.1. MED: taking sample of collected juices 

5.6.2. CU: applying sample to a coverslip, in one well of a multi-well plate – show that there is another coverslip on the plate in different well already loaded with sample
5.7. Then, add 0.5 ml of D-PBS and mix the haemolymph well with gentle trituration.
5.7.1. ECU: on coverslip, with sample, pipettes adds more solution and flows all solution up/down a few times
5.8. Using an aerosol-tight centrifuge plate holder, centrifuge the plate for 10 minutes at 500 G at room temperature.
5.8.1. MED: loading the plate into a plate holder

5.8.2. MED: loading plate holder into the centrifuge and starting the cycle
5.9. Then, examine each well using an inverted microscope to check that the haemocytes have adhered.
5.9.1. MED: unloading plate form holder and placing the plate on microscope stage

5.9.2. CU: adjusting the focus/lighting on the plate, show plate/objective - solution still in loaded wells
5.10. Next, remove the supernatant and carefully wash the cells three times by adding 0.5 ml of D-PBS to the wall of the well.  Rock the plate a few times and aspirate off the D-PBS.  Details on fixation and staining are provided in the text protocol.
5.10.1. MED: pipette used to remove solution from the wells with coverslip

5.10.2. ECU: on well, solution added by pipette to the wall of the well, and trickles down into the well 

5.10.3. MED: swirling the plate a few times, then removes solutions from wells with pipette(s)
6. Quantifying the Bacterial CFU

6.1. To quantify the bacterial CFUs, make serial ten-fold dilutions of the haemolymph in sterile AYE media.  
6.1.1. MED: taking aliquot of larvae juice and adding it to tube with media at 9X the volume of the addition, then mixing up that tube
6.1.2. MED: taking aliquot of first dilution and adding it to the second tube with 9X the volume of the addition and mixing that tube – there are six tubes being made this way, all visible in shot
6.2. Next, divide the base of a CYE plate, containing spectinomycin, (TEXT: 100 µg spectinomycin / ml) into six equal sectors.
6.2.1. CU: bottom of culture plate – talent uses a pen label the plate into six numbered section
6.3. Plate three drops of 25 µl of each dilution, starting with the most dilute dilution, in each section of the plate.  Incubate these plates, and, later, count the colonies.
6.3.1. CU: applying three aliquots of each dilutions into one of each of the six sections of the plate, then covering plate – the tail end of the process is really all that’s needed to be seen 
6.3.2. WID: loading the plate into the incubator – fade/blur out
7. Virulence of WT and Dot/Icm-deficient L. pneumophila
7.1. G. mellonella larvae were infected with wild type and a Dot/Icm-deficient L. pneumophila strains. Infection with 10 million CFU of strain 130b resulted in 100% mortality within 24 hours.  However, the ΔdotA strain, which does not have a functional Dot/Icm T4SS secretion system, was avirulent.
7.1.1. LAB MEDIA: Fig. 1 
7.2. To determine if uptake of the bacteria is crucial in its pathogenesis in this model, larvae were pre-treated with Cytochalasin D and then infected. Treatment with the inhibitor alone did not affect survival at 24 hours. However, pre-treated, infected larvae displayed significantly greater survival compared to controls.

7.2.1. LAB MEDIA: Fig. 2

7.3. In order to validate the expression and determine the subcellular localisation of an effector protein in G. mellonella, larvae expressing a fragment of the well-defined LCV-localised effector SidC fused to 4 N-terminal HA tags were infected.

7.3.1. LAB MEDIA: Fig. 3
7.4. To follow the bacterial replication kinetics, larvae were sacrificed at several time points post-infection, and the CFU per gram of extracted haemolymph was determined. After an initial dip at 5 hours, the CFUs of wild type bacteria increases, however, the ΔdotA strain undergoes no replication and is cleared by 18 hours.

7.4.1. LAB MEDIA: Fig. 4 

7.5. Haemocytes were extracted from the infected insects and viable cells were counted using the trypan blue exclusion method.  At 5 hours post-infection, there was no difference in haemocyte counts between the strains.  However, by 18 hours there was a significant drop in haemocyte concentration in wild type, but not ΔdotA, infected larvae. This in vivo result suggests that L. pneumophila replicates within haemocytes, then lyses them.

7.5.1. LAB MEDIA: Fig. 5
8. Conclusion Interview (spoken by you on camera)
8.1. Clare Harding: After watching this video, you should have a good understanding of how to infect larvae, quantify CFU and extract and process haemocytes to analyse different aspects of Legionella pathogenesis. 
List of Provided Media Filenames and Descriptions (fill this in)

4.3 – Frankel_Jove results-01.tif 
4.3 - Frankel_Jove results-02.tif 
5.11 - Frankel_Jove results-03.tif 
6.2 - Figure 4 Frankel_Jove results-04.tif 
6.2 – Figure 5  Frankel_Jove results-05.tif 
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.

( 2013, Journal of Visualized Experiments


