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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 by their protocol number. 1.2-1.4, 3.4.2, 3.5.1, 3.7.1

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the step by its protocol number. It may be difficult to obtain accurate concentrations and homogenous addition of activators, antibody, and Cryptococcus. In order to ensure success make sure everything is calculated ahead of time and combined in a master solution before distributing onto cell monolayer.   
E.  Will the filming need to take place in multiple locations? (Y/N) ___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 elucidate a role for cholesterol in the uptake of Cryptococcus neoformans by macrophages. (Intro)
This is accomplished by first depleting cholesterol from a murine macrophage cell line using methyl-β-cyclodextrin. (P1, Editor, begin with the left panel in P1, then bring in the circular panel on the right without the yellow structures in the middle.  Shrink it, then place it over the yellow dots on the left panel, then expand it again with the yellow structures in the middle as shown.)
Next, cholesterol depletion is confirmed and quantified by using thin layer chromatography and a commercially available kit. (P2, Editor, transition to the left panel in P2, and then for the commercially available kit, bring in the right panel.)
Then, the Cryptococcus neoformans cells are opsonized with antibodies specific to Glucuronoxylomannan, or GXM, a component of the Cryptococcus capsule. (P3, Editor, transition to the orange structure on the left in P3 and then place the orange structure on the right next to it.)
Finally, the cholesterol depleted macrophages are infected with opsonized Cryptococcus neoformans. (P4, Editor, bring in the left panel in P4 of the blue and purple cell.  Then transition to the cell in the middle with the orange structure, then transition to the cell on the right with the two orange structures.)
Ultimately, Giemsa staining and light microscopy are used to visualize the infected cells and allow the degree of phagocytosis to be calculated. (P5, Editor, bring in the microscope in P5, shrink the cell from P4 and place it on the microscope stage, then bring in the blown up panel with the black circles around the purple as shown.)
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Author name Arielle Bryan: The main advantage of this technique over existing methods, like flow cytometry, is that this method can be done with basic lab equipment in a short period of time and provide quantitative information.   

1.2. Author name Amir Farnoud: This method can help answer key questions in the field _of fungal pathogenesis, for example _”What is the role of host lipid rafts in the uptake of fungal pathogens?”.  

1.3. Author name Maurizio Del Poeta: The implications of this technique extend toward therapy (or diagnosis) of_Cryptococcus infections_, because _internalization in macrophages is a critical step in the initiation of cryptococcosis.  

1.4. Author name Visesato Mor: Though this method can provide insight into the infectivity of fungal pathogens, it can also be applied to other systems (model organisms, studies of disease, organ systems), such as facultative/obligate intracellular pathogens.

Protocol (read by voice talent at JoVE):

2. Cholesterol Depletion of J774A.1 Cells with MβCD
2.1. In a sterile biosafety cabinet, seed 105 J774.1A macrophage-like cells per well of a 96-well culture plate in 200 ul of DMEM supplemented with 10% FBS and 1% penicillin streptomycin, or P/S.  Incubate overnight at 37°C and 5% CO2.

2.1.1. WIDE Talent at biosafety cabinet opens 96-well plate

2.1.2. MED/CU Talent seeds cells into wells of plate - have medium labeled and visible

2.1.3. WIDE Talent places plate into incubator; B need another version for 3.1.2 below

2.2. The following day, remove the medium from the cell monolayer and use filtered or autoclaved PBS to wash the cells twice.

2.2.1. CU Talent removes medium from cells

2.2.2. CU Talent pipettes PBS into wells to wash; B need another version for 2.5.1 below if using PBS

2.3. Add 200 ul of MβCD solution at the desired concentration (TEXT: 10 mM or 30 mM in PBS) or 1X PBS as a control and incubate for 30 minutes at 37°C with shaking. 

2.3.1. CU Talent adds MβCD solution to wells

2.3.2. CU Talent pipettes in 1X PBS into control wells 

2.3.3. WIDE Talent places plate in incubator and begins shaking; B need another version for 3.9.2 below
2.4. Remove the supernatant and reserve at it at room temperature for quantitative analysis with a commercially available kit immediately following this procedure.

2.4.1. MED/CU Talent removes supernatant and saves - have commercially available kit visible

2.5. With PBS or serum free DMEM, wash the cells 2-3 times before carrying out cholesterol quantification, if desired, according to the text protocol.

2.5.1. CU Use 2.2.2B here
3. Infection of Macrophages with C. neoformans H99
3.1. To infect the cholesterol depleted macrophages, in a sterile biosafety cabinet, seed 105 macrophage-like cells per well in a 96-well plate (TEXT:  200 µL DMEM;10% FBS;1% P/S).  Incubate overnight at 37°C and 5% CO2.

3.1.1. MED/CU Talent seed macrophage cells into 96-well plate

3.1.2. Use 2.1.3B here

3.2. At the same time, grow a culture of C. neoformans H99 by isolating one colony from a struck plate and inoculating 10 milliliters of YNB.  Incubate overnight at 30°C with shaking.

3.2.1. MED/CU Talent isolated a colony and inoculates YNB

3.2.2. WIDE Talent places in incubator 
3.3. The following day, centrifuge the C. neoformans culture at 1,700 x g and 4°C for 10 minutes.  Remove the supernatant and add 5 ml of 1X PBS before spinning again (TEXT: 1700 x g; 4°C; 10 min).   

3.3.1. MED Talent places C. neoformans tubes of culture into centrifuge and starts run 

3.3.2. CU Talent adds PBS to tube

3.3.3. FREEZE FRAME of talent placing tubes into centrifuge in 3.3.1

3.4. Then use filtered 1X PBS to wash the cells three more times before resuspending the cells in 5 ml of 1x PBS.

3.4.1. CU Talent pipettes filtered PBS from bottle or tube and into culture tube and resuspends cells

3.5. Next, to prepare a serial dilution of the washed culture, add 100 ul of the original sample to 900 ul of 1x PBS to obtain a 1:10 dilution.  Add 100 ul of the 1:10 diluted sample to 900 ul of 1x PBS to obtain a 1:100 dilution.

3.5.1. CU Talent adds 100 ul of sample to 900 ul of PBS

3.5.2. CU Talent adds 100 ul of the dilution to 900 ul of PBS

3.6. And finally, add 200 ul of the 1:100 diluted sample to 800 ul of 1x PBS to obtain a 1:500 dilution.  Add 10 ul of the final dilution to a hemocytometer and count to calculate the number of cells.

3.6.1. CU Talent adds 200 ul of diluted sample to 800 ul of PBS

3.6.2. CU Talent adds 10 ul to hemocytometer

3.6.3. MED Talent at scope counting cells

3.7. To prepare a working solution for activating macrophages and opsonizing C. neoformans, dilute LPS and IFNɣ 100x from stock solutions by diluting 10 ul of each compound in 990 ul of PBS.
3.7.1. CU LPS and IFNɣ next to one another on bench and talent picks up LPS and adds 10 ul to 990 ul of PBS
3.7.2. CU Talent adds 10 ul of IFNɣ to 990 ul of PBS
3.8. For each sample, combine 7.5 ul of LPS, 1.25 ul of IFNɣ, 1.25 ul of GXM antibody, and 1.25 x 105 C. neoformans cells.  Then using DMEM supplemented with FBS and PS, bring the volume up to 250 ul per sample.  
3.8.1. CU Talent pipettes LPS, IFNɣ, GXM antibody, and C. neoformans into tube
3.8.2. CU Talent adds supplemented DMEM to sample
3.9. Vortex the solution and incubate for 20 minutes at 37°C with shaking.

3.9.1. MED Talent vortexes solution

3.9.2. WIDE Use 2.3.3B here

3.10. To infect the macrophages, use serum-free DMEM to wash them twice before adding 200 ul of opsonized C. neoformans working solution to each well.  Incubate for two hours at 37°C.

3.10.1. MED Talent adds DMEM to macrophages to wash them 

3.10.2. CU Talent adds C. neoformans solution to each well

3.10.3. FREEZE FRAME from 2.1.3 of talent placing 96-well plate into incubator

3.11. Then, to fix and stain the cells, after using DMEM to wash the cells twice and air-drying the cell monolayer for 10 minutes, add 200 ul of ice-cold methanol.  Fix for 15 minutes at room temperature before removing any remaining methanol.  
3.11.1. CU Talent adds ice-cold methanol to cells

3.11.2. CU Talent removes any remaining methanol

3.12. Next, add 200 ul of 10X Giemsa and incubate for 5 minutes at room temperature.  Then use deionized water to wash two or three times.  Leave the cap off and dry overnight.
3.12.1. CU Talent adds 10x Giemsa

3.12.2. CU Talent adds deionized water

3.12.3. MED Talent leaves plate with cap off and walks away

3.13. The next day or up to one week later, under a microscope, count 300 cells per data point and note the number of infected macrophages and number of engulfed Cryptococus cells (TEXT: refer to text protocol for additional details).  

3.13.1. MED Talent places plate under microscope

3.13.2. LAB MEDIA Figure 4a, Editor, for the infected cells, point out a large purple cell that has that has multiple white cells with dark purple centers inside (see top right of figure).  For engulfed Cryptococcus cells, point out where a cell looks like it is opening up to engulf a small white cells with purple center
3.14. Calculate the phagocytic index by multiplying the percentage of infected macrophages by the mean number of C. neoformans per macrophage (TEXT: phagocytic index = % infected macrophages x mean # of C. neoformans/macrophage).  

3.14.1. LAB MEDIA Figure 4a of infected and non-infected cells; Editor, shrink the figure and add in the calculation at the bottom of the screen
3.15. Normalize the phagocytic index by expressing values as a percentage of the 1x PBS treated control.  After several trials, calculate the mean value and the standard deviation of the mean to determine trends in phagocytic index.  Use the student’s t-test to determine significance.

3.15.1. LAB MEDIA Figure 5, Editor, point out the 1X PBS treated control with the VO.  For ‘calculate the mean value and the standard deviation of the mean,’ point out the error bars at the top of the middle and right hand columns
4. Results: C. neoformans Infection of Cholesterol-depleted Cells 
4.1. As shown here, analysis of the supernatant reserved from MβCD-treated cells revealed elevated cholesterol as compared to the supernatant isolated from PBS control cells, indicating a higher level of cholesterol depletion in the MβCD-treated cells.
4.1.1. LAB MEDIA Figure 1, Editor, point out the 10 mM MβCD column for ‘revealed elevated cholesterol,’  and the middle column for the PBS control cells
4.2. Depletion can be calculated using cholesterol values obtained from the supernatant and cell lysate as illustrated here.
4.2.1. LAB MEDIA Figure1, Editor, point out the far right column labeled PBS Lysate + Sup
4.3. To support cholesterol depletion results, cell lysate analyzed using TLC shows a marked decrease in staining of cholesterol in cells treated with increasing concentrations of MβCD.
4.3.1. LAB MEDIA Figure 2A
4.4. Densitometry analysis of the TLC shows a similar trend to the quantitative assay.

4.4.1. LAB MEDIA Figure 2B, Editor, point out the middle (49) and far right (23) columns here.
4.5. Following infection, cells remain adhered and intact and cell morphology remains unchanged in C. neoformans infected cells compared to untreated control cells.  Micrographs of optimally infected cells clearly show C. neoformans engulfed within the mammalian cells. 
4.5.1. LAB MEDIA Figure 3 and 4, Editor, for ‘C. neoformins infected cells,’ point out the figure 4 panels and for ‘untreated control cells, point out the  panels in figure 3
4.6. This graph demonstrates that when calculated from 300 macrophage cells per treatment group, a reduction in phagocytic index was found in cholesterol depleted cells.
4.6.1. LAB MEDIA Figure 5, Editor, point out the 75 and the 46 columns for ‘the reduction in phagocytic index was found.’
5. Conclusion (said by authors on camera)
5.1. Author name Arielle Bryan: Once mastered, this technique can be done in approximately 5 hours if it is performed properly. This does not include the preparation of cultures that must be done the day before.
5.2. Author name Amir Farnoud: Following this procedure, other methods like _extraction of detergent resistant membranes from the macrophages can be performed in order to answer additional questions like ”Is cholesterol depletion inhibiting the uptake of Cryptococcus through reduction of host lipid rafts?”

5.3. Author name Visesato Mor: After its development, this technique paved the way for researchers in the field of membrane biology and immunology to explore the mechanisms of phagocytosis by macrophages and host-pathogen interactions in pathogenic fungi.

5.4. Author name _Maurizio Del Poeta: Don't forget that working with pathogens can be extremely hazardous and precautions such as wearing 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 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.  

Insert your media filenames here. JoVE Graphics.tiff
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.
( 2013, Journal of Visualized Experiments


