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Authors, please check the answers to the brief questionnaire below.   

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___N______  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _____________________________________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N_____ If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
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. _2.2., 2.5., 2.6., 2.7., 2.9. – 2.14, 3.2. – 3.7., 3.10.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document. The hardest part is probably identifying the mutant parasites following macrophage activation in terms of the type of phenotypes one could see relative to wild type parasites (3.11)  and in the initial screen in 96-well plates (2.17.)  To ensure success we screen the parasites in chamber slides under 100x oil (3.11) once candidate parasites are identified in the higher throughput 96 well plate (2.17). __________________________
E.  Will the filming need to take place in multiple locations? (Y/N) __N_____ If yes, how far apart are the locations? ___________________________________________________









1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:

Video editor: For P1 – P4, use ‘52556_Schematics_final.pptx’ (uploaded 11/24/14).  For P5 use ‘52556fig1.jpg’

The overall goal of this procedure is to isolate mutants in the parasite Toxoplasma gondii that are impaired for survival or replication following activation of infected macrophages, in order to identify genes and pathways that are important for resistance to IFN-gamma-dependent cell autonomous immunity. (Intro) 

This is accomplished by first empirically determining the dose of IFN-gamma and LPS to be used in the forward genetic screen of the mutant parasites.  The chosen dose should suppress replication of wild type parasites following activation of infected macrophages, but still allow replication over a 30-hour period. (Video editor: Slide 1: show the 8-chamber slide with each chamber containing yellow macrophages.  Then animate Toxoplasma gondii being added to the macrophages.  Follow by adding the LPP/IFN- to the infected macrophages) (P1) 

The second step is to use the chosen dose of IFN-gamma and LPS to activate macrophages in a 96-well plate that have been infected previously with mutant parasites, and culture the cells for an additional 24 hours. (Video editor: Slide 2: show the leftmost 96-well plate with the macrophages and parasites first, then show the next two plates, with the top one only being given the LPS/IFN-) (P2)

Next, the infected cells are fixed, permeabilized and stained with a polyclonal antiserum specific for Toxoplasma gondii and examined using immunofluorescence and phase microscopy to identify mutants that were unable to replicate or appeared in amorphous parasite-containing vacuoles following macrophage activation. (Video editor: Slide 2: show zoom-in of the two wells and the images of the stained cells) (P3)

The final step is to confirm the defect in each candidate mutant by evaluating its ability to replicate following macrophage activation in chamber slides (Video editor: Slide 3: show the chamber slide with the macrophages, isolated mutants and wild type parasites, and then the LPS/IFN- being added) that enable viewing of the parasite mutants at a higher magnification and resolution. (Video editor: Slide 3: add the remaining images of the close ups of the chambers) (P4)

Ultimately, immunofluorescence microscopy is used to show the mutant parasites replicate like wild type parasites in unstimulated macrophages (Video editor: highlight panels A and B of 52556fig1.jpg)  but are either unable to replicate (Video editor: highlight panel C of 52556fig1.jpg) or are amorphous (Video editor: highlight panel D of 52556fig1.jpg)  following macrophage activation. (P5) 






B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Dana Mordue: Though this method can provide insight into Toxoplasma gondii mechanisms of resistance to cell autonomous immunity, it can also be applied to other systems by altering the host cell population or activation stimuli or the intracellular pathogen that is examined.
1.2. Dana Mordue: Demonstrating the procedure will be Odaelys Walwyn, a graduate student 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. Isolation of parasite mutants with a fitness defect following activation of infected macrophages

2.1. A library of random T. gondii mutants grown in 96-well plates containing confluent human foreskin fibroblast or HFF cells is required for the forward genetics screen.

Shots:
2.1.1. MED: Talent setting out a 96-well plate.

2.2. To begin the procedure for isolating parasite mutants with a fitness defect, transfer 50 l of tachyzoite mutants into two duplicate 96-well plates containing murine bone marrow-derived macrophages in 100 l of D10 media. Add the parasites directly to the media in each well. As a positive control for parasite replication, infect two wells with wild type tachyzoites.

Shots:
2.2.1. MED: Talent transferring tachyzoite mutants from the 96-well plate in 2.1 to two duplicate 96-well plates.
2.2.2. CU: Match action above: parasites being added to media of a well.
2.2.3. CU: Wild type tachyzoites being added to the media in another well.

2.3. It is critical that the 96-well plates have optical bottoms to achieve the appropriate resolution to screen the parasites in macrophages by phase contrast and fluorescence microscopy.  Performing this screen in 96-well plates based on the volume of the parasite culture also avoids having to count the number of parasites transferred per well.

Shots:
2.3.1. CU: A shot of the two 96-well plates after they have been filled.

2.4. Place the infected cells into an incubator for 4 hours to allow the parasites time to invade the cells and create their parasitophorous vacuole, or PV. (TEXT: 37 °C; 5% CO2; 4 h)

Shots:
2.4.1. MED: Multiple takes from different angles of talent putting the 96-well plates into the incubator. Shot will be repeated later.

2.5. After 4 hours, remove the media from one plate: use a single flip of the wrist to dump the media in the plate into a discard basin containing a detergent that will kill the parasites.

Shots:
2.5.1. MED: Talent taking the 96-well plates out of the incubator.
2.5.2. CU: Multiple takes from different angles of media from one plate being dumped.  Shot will be repeated later.

2.6. Using a multichannel pipette, add 100 l of “macrophage activation media” to each well. Use the optimal concentration of LPS and IFN-γ for the macrophage activation media. (TEXT: Refer to protocol text for determination of optimal concentrations of LPS and IFN-γ)

Shots:
2.6.1. MED: Talent using a multichannel pipette to aspirate “macrophage activation media” from a sterile basin and 100 l added to each well of the 96-well plate.
2.6.2. CU: match action above:  “macrophage activation media” being added to each well of the 96-well plate.

2.7. Similarly remove media from the duplicate control plate and replace with 100l of D10 media per well.

Shots:
2.7.1. Use shot from 2.5.2.
2.7.2. MED: Talent adding 100l of D10 media per well to the plate.

2.8. Place the infected cells into an incubator for an additional 24-30 hours. (TEXT: 37 °C; 5% CO2; 24-30 h)

Shots:
2.8.1. Use shot from 2.4.1.

2.9. When the incubation is complete, begin the staining protocol for immunofluorescence microscopy: discard the media in the plate and replace with 100 l of 2.5% formaldehyde in PBS. Incubate for 20 minutes at room temperature. (TEXT: 20 min; room temperature)

Shots:
2.9.1. MED: Talent dumping media from a plate.
2.9.2. CU: Talent using a multichannel pipette to transfer 2.5% formaldehyde from a sterile basin to each well of the plate.
2.9.3. MED: Multiple takes from different angles of talent setting both 96-well plates aside at room temperature. Shot will be repeated later.

2.10. Discard the formaldehyde solution and add 100 l of PBS per well to rinse the formaldehyde from the plate.

Shots:
2.10.1. MED: Talent dumping formaldehyde solution and then 
2.10.2. [split shot] adding 100 l of PBS per well.

2.11. Next discard the PBS and add 100 l of permeabilization buffer to each well. (TEXT: Permeabilization buffer = PBS + 0.2% Triton X-100) Incubate for 30 minutes at room temperature. (TEXT: 30 min; room temperature)

Shots:
2.11.1. CU: PBS is discarded and 100 l of permeabilization buffer added to each well.
2.11.2. Use shot from 2.9.3.

2.12. Discard the solution in the plate and add 100 l of blocking solution to each well. (TEXT: Blocking solution = PBS + 10% goat serum) Incubate for 30 minutes at room temperature. (TEXT: 30 min; room temperature)

Shots:
2.12.1. CU: Permeabilization buffer is discarded and 100 l of blocking solution added to each well.
2.12.2. Use shot from 2.9.3.

2.13. After 30 minutes, discard the solution in the plate. Add 50 l per well of a fluorescently-conjugated anti-T. gondii antibody. (TEXT: fluorescently-conjugated anti-T. gondii antibody diluted 1:1000 in PBS + 1% goat serum) Incubate for 1 hour at room temperature on a rocker and with the plate cover on. (TEXT: 1 h; room temperature)

Shots:
2.13.1. CU: Blocking solution is discarded and 50 l of antibody is added per well.
2.13.2. MED: Talent putting the two covered 96-well plates on the rocker and turning it on.

2.14. After 1 hour, discard the antibody solution and replace with 100 l per well of PBS plus 1% goat serum. Perform this rinse 3 times followed by 2 additional rinses with PBS alone. (TEXT: Rinse 3X with PBS + 1% goat serum; 2X with PBS)

Shots:
2.14.1. CU: Antibody solution is discarded and 100 l of PBS + 1% goat serum added per well of a plate.
2.14.2. MED: Talent discarding PBS and adding new PBS to each well of a plate.

2.15. After the final rinse, leave 200 µl of PBS in each well and replace the cover on the 96-well plates to prevent the wells from drying.

Shots:
2.15.1. CU: After last rinse, cover is placed on the plates. (Didn’t bother shooting – happens at end of every shot, so can reuse one of those)

2.16. Phase contrast and fluorescence microscopy for screening the stained 96-well plates requires an inverted fluorescence microscope with 4x, 10x 20x or 40x phase contrast objectives equipped for long working distances. A 4x objective is useful for seeing the entire well but better resolution of the parasites is achieved with the 20x or 40x objective.

Shots:
2.16.1. WIDE/MED: Talent approaching the microscope with the 96-well plates.
2.16.2. MED: Talent at the microscope selecting the right objective to view the cells.
2.16.3. Talent – interview style to camera: “The most challenging aspect of this protocol is the identification of mutant parasites. Once candidate parasites are identified in the higher throughput 96-well plate, they are re-screened in chamber slides under a 100x oil objective, as demonstrated in the next video segment.”

3. Evaluation of mutants to determine if the defect is at the level of parasite survival or replication following activation of infected macrophages

3.1. To begin this evaluation, transfer selected T. gondii parasite mutants with a fitness defect from 96-well plates to T25 flasks containing HFF cells and allow replication. (TEXT: 37 °C; 5% CO2; 2-3 days) 

Shots:
3.1.1. MED: Talent setting out 96-well plate and T25 flasks containing HFF cells.
3.1.2. CU: The entire content of a well from the 96-well plate being transferred to a T25 flask.
3.1.3. MED: Talent putting the T25 flasks into the incubator.

3.2. Next culture bone marrow derived macrophages in 8-chamber glass slides at a concentration of 3 × 105 cells/ml in 250 μl of D10 media. (TEXT: 3 × 105 cells/ml in 250 μl D10) Prepare two slides: one to compare parasite replication in naïve macrophages and another to compare parasite replication following activation of infected macrophages.  Culture the macrophages overnight. (TEXT: 37 °C; 5% CO2; overnight)

Shots:
3.2.1. MED: Talent setting out two 8-chamber glass slides and the macrophages.
3.2.2. CU: Macrophages being seeded to one of the 8-chamber glass slides.
3.2.3. MED: Talent putting the two 8-chamber glass slides into the incubator.

3.3. To harvest the parasites, use a cell scraper to lift the parasites and any remaining HFF cells off the bottom of the T25 flask.  Insert a 5-ml sterile syringe with a 25 gauge needle into the flask and pass the cell suspension through twice to achieve a single cell suspension of parasites.  

Shots:
3.3.1. MED: Talent using a cell scraper to lift the parasites and any remaining HFF cells off the bottom of the T25 flask.  
3.3.2. CU: A syringe being inserted into the flask to aspirate the cell suspension and make a single cell suspension.

3.4. After counting the parasites in a hemocytometer, add 5 × 104 parasites to a chamber well containing macrophages in D10 media. Include one well with wild type parental parasites as a control. In order to monitor replication of parasites in naïve macrophages, inoculate an identical replicate slide with the same parasite clone that will not receive activation media.

Shots:
3.4.1. MED: Multiple takes from different angles of talent adding parasites to 8-chamber well containing macrophages.  Shot will be repeated later.
3.4.2. CU: Wildtype parasites being added to one well.
3.4.3. Use shot from 3.4.1.

3.5. Culture both slides for 4 hours. (TEXT: 37 °C; 5% CO2; 4 h)

Shots:
3.5.1. MED: Multiple takes from different angles of talent putting both slides into the incubator. Shot will be repeated later.

3.6. After 4 hours, discard D10 media from one of the chamber slides and replace with 250 µl of D10 media per well. Discard D10 media from the other duplicate chamber slide and replace with 250 µl of “activation media” in each well of the chamber.

Shots:
3.6.1. CU: Media being discarded from one slide and “activation media” added to each well.
3.6.2. CU: Media being discarded from second slide and D10 media added.
[bookmark: _GoBack]I think these shots were reversed and is noted by the videographer.  D10 was added to slide one and then activation media added to slide two.

3.7. Incubate both the “activated” and “naïve” macrophage slides with the chamber slide cover on for an additional 24-30 hours. (TEXT: 37°C; 5% CO2; 24-30 h)

Shots:
3.7.1. Use shot from 3.5.1.

3.8. At the completion of the incubation, the parasites on the slides are fixed, permeabilized, and blocked, following the procedures described in the protocol text.

Shots:
3.8.1. MED: Talent removing the slides from the incubator. [not slated but there are numerous takes of removing plates from incubator.]
3.8.2. MED: Multiple takes from different angles of talent discarding media from a slide and adding formaldehyde.  Shot will be repeated later.

3.9. Immunofluorescence staining is then performed on the parasites with the chambers intact. (TEXT: Refer to protocol text for immunofluorescence staining procedure)

Shots:
3.9.1. MED: Talent removing blocking solution from the chamber and adding antibody solutions.

3.10. At the completion of the immunofluorescence staining, take the chamber off the chamber slide per the manufacturer’s instructions. Then mount the slide with mounting media containing DAPI and a coverslip.

Shots:
3.10.1. MED/CU: Chamber being taken off the chamber slide.
3.10.2. CU: Talent mounting a slide.

3.11. Examine the slides by fluorescence microscopy using a 100x phase oil objective. Healthy parasites have parasites tightly enclosed within a close-fitting PV and more than one parasite per PV indicative of parasite replication, as shown in this example of four healthy wild type parasites in a PV. (show panel B of Figure 1) Parasites that remain intact but are unable to replicate have a single parasite per PV. (show panel C of Figure 1)  Other parasites appear degraded and in an amorphous PV.  (show panel D of Figure 1) 

Shots:
3.11.1. MED: Talent at the microscope examining the slides.
3.11.2. LAB MEDIA: panel B of ‘52556fig1.jpg’
3.11.3. LAB MEDIA: panel C of ‘52556fig1.jpg’
3.11.4. LAB MEDIA: panel D of ‘52556fig1.jpg’

3.12. Not shown in this video but available in the accompanying protocol text are procedures for identifying the immune mediators to which the parasite mutant is specifically susceptible and procedures for evaluating whether the mutant parasites are compromised for in vivo pathogenesis.

Shots:
3.12.1. Use shot from 3.8.2. (Video editor: use this as a generic shot to cover the voiceover)

4. Results: T. gondii mutants with fitness defects are identified by phase contrast and immunofluorescence microscopy

4.1. Wild type T. gondii replicate freely in naïve macrophages (panel A) but activation with IFN-gamma and LPS substantially inhibits replication. (panel B)

Shots:
4.1.1. LAB MEDIA: panel A of ‘52556fig1.jpg’
4.1.2. LAB MEDIA: panel B of ‘52556fig1.jpg’


4.2. Following activation of infected macrophages, mutant parasites with a fitness defect are either unable to replicate (panel C) or unable to survive, as suggested by a degraded appearance. (panel D) 

Shots:
4.2.1. LAB MEDIA: panel C of ‘52556fig1.jpg’
4.2.2. LAB MEDIA: panel D of ‘52556fig1.jpg’

4.3. Parasite replication is evaluated by the number of parasites per PV. Here, the parasite is in red and the HFF nucleus is in blue. Visualized from left to right are 2, 4, 8, 16 and 32 parasites per PV.

Shots:
4.3.1. LAB MEDIA: 52556fig2.jpg

4.4. To determine whether the fitness defect is associated with an inability of the PV to prevent fusion with lysosomes, parasites, shown in red, are stained with an antibody to a lysosomal associated membrane protein, shown in green. The arrow marks a parasite PV that has fused with lysosomes. The other parasite (without the arrow) is in a PV that has not fused with lysosomes.

Shots:
4.4.1. LAB MEDIA: 52556fig4.jpg

4.5. The mechanisms that underlie the fitness defect in a mutant can be investigated using antibodies to defined structures or organelles within the parasite, such as the mitochondrion. Following activation of infected macrophages, the mitochondrion in a wild type parasite is intact (Video editor: highlight top row), compared to fragmented mitochondria in mutant parasites. (Video editor: highlight bottom three rows)    

Shots:
4.5.1. LAB MEDIA: 52556fig5.jpg

5. Conclusion (said by authors on camera)
5.1. Odaelys Walwyn: After watching this video, you should have a good understanding of how to develop a forward genetic screen to isolate Toxoplasma gondii mutants unable to survive activation of infected macrophages. The model described can be adapted to study other intracellular pathogens or pathogen survival in other host cell types.


Provided Media

1A. 52556_Schematics_final.pptx; 52556fig1.jpg
3.11. panels B, C, D of ‘52556fig1.jpg’
4.1. – 4.2. 52556fig1.jpg
4.3. 52556fig2.jpg
4.4. 52556fig4.jpg
4.5. 52556fig5.jpg


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.
 2014, Journal of Visualized Experiments

