
[bookmark: _GoBack]FINAL SCRIPT: APPROVED FOR FILMING
Submission ID #: 58434
Editor Name: Anthony Iannazzi
Videographer name: Graham Harris
Film Date: 7/17/18
Link: https://www.jove.com/account/file-uploader?src=17822418

Authors and Affiliations: 
Thomas D Williams1 and Robert R Kay1
1MRC-Laboratory of Molecular Biology, Cambridge, UK

Title: High-throughput Measurement of Dictyostelium discoideum Macropinocytosis by Flow Cytometry

Corresponding Author: 
thomasw@mrc-lmb.cam.ac.uk

Co-authors:
rrk@mrc-lmb.cam.ac.uk


Authors, please fill out the brief questionnaire below.   

A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___N_____  
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N____ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) _____2.2, 2.6, 2.7, 2.8 3.2, 4.2______
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.
D.  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.) _________2.7, 2.8__________________
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.
E.  Will the filming need to take place in multiple locations? (Y/N) __Y_____ If yes, how far apart are the locations? _______________~10 metres___________________________________

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  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. Thomas Williams: This method can help answer key questions in the Dictyostelium and macropinocytosis fields, such as whether a particular gene, protein or molecular pathway is involved in macropinocytosis [1-INT].
1.1.1. Thomas Williams says the statement above in an interview style shot, looking slightly off camera.
1.2. Thomas Williams: The main advantage of this technique is that many variables, such as time, genetic mutations, inhibitor concentrations and media compositions can be tested in parallel giving results with single-cell resolution [1-INT].
1.2.1. Thomas Williams says the statement above in an interview style shot, looking slightly off camera.

B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Author Name: Generally, individuals new to this method will struggle because they will forget that inhibitor concentrations are doubled, and time-courses are prepared to finish, rather than start, at the same time [1-INT].	Comment by Anthony Iannazzi: Authors: Please list who will deliever these statements.

Please note, these statements must be said by a different author than the required interview statements. In other words, Thomas Williams should not deliever these statements for the introduction as he’s already given two.

That being said, if Dr. Williams wants to  deliever either/both of these statements, they can be moved to the Conclusions section.
1.3.1. Talent says the statement above in an interview style shot, looking slightly off camera.
1.4. Author Name: Visual demonstration of this method is critical as the washing and cell detachment steps are difficult to learn, because they are quite unusual, non-standard techniques [1-INT].
1.4.1. Talent says the statement above in an interview style shot, looking slightly off camera.

Protocol: (read by voice talent at JoVE)
2. Measuring Fluid Uptake
2.1. To begin this procedure, obtain cultivate cells on SM agar with bacteria as outlined in the text protocol [1-MED/WIDE].
2.1.1. Establishing shot of the talent approaching the lab bench with previously cultivated cells in hand.
2.2. Harvest cells from the feeding front into 25 mL of KK2 (pronounce “K-K-two”) buffer in a 50 mL centrifuge tube [1-MED]. Vortex the tube to dissociate the cells [2-MED], and centrifuge at 300 x g for 3 minutes [3-MED].
2.2.1. Talent transfers cells into a 50 mL centrifuge tube that contains KK2 buffer.
2.2.2. Talent vortexes the tube.
2.2.3. Talent transfers the tube to a centrifuge, and then turns the centrifuge on.
2.3. Next, discard the supernatant and re-suspend the pellet in 50 mL of fresh KK2 buffer [1-MED]. Repeat this wash three times by centrifuging, removing the supernatant, and re-suspending in 50 mL of KK2 buffer for each wash [2-MED].
2.3.1. Talent removes the tube from the centrifuge (after it has completed the centrifugation) and removes the supernatant. Alternatively, each of these actions can be filmed separately and shown here as mentioned in the voiceover narration.
2.3.2. Talent re-suspends the pellet with fresh KK2 buffer. The supernatant can be discarded prior to this shot.
2.4. After this, use a hemacytometer or other cell counting device to determine the cell density [1-MED]. Dilute the cells into HL5 medium containing antibiotics, to a concentration of 100,000 cells per mL [2-MED-TXT].
2.4.1. Talent uses a hemacytometer to determine the cell density
2.4.2. Talent dilutes the cells with the described HL5 medium. TEXT: See text for medium composition
2.5. Pipet 50 μL of the diluted cell solution into each well of a flat-bottomed 96-well tissue-culture plate [1-MED-TXT] – using three wells for each condition [2-CU]. Incubate at 22 °C for 24 h [3-MED].
2.5.1. Talent pipets the cell solution into a few wells of the 96-well plate. TEXT: Remember to set up a 0 min update control. Editor: Show this text overlay for 2.5.1 and 2.5.2
2.5.2. Close up of the plate as the talent continues to transfer the cell solution to it, setting up each condition in triplicate. 
2.5.3. Talent transfers the plate to an incubator at 22 °C.
2.6. Then, dilute TRITC-dextran to 1 mg/mL in the medium used [1-MED]. Add 50 μL to each well, for a final TRITC-dextran concentration of 0.5 mg/mL in each well [2-MED]. Incubate at 22 °C for 1 h [3-MED].
2.6.1. Talent adds TRITC-dextran and medium together, to prepare the TRITC-dextran solution described.
2.6.2. Talent adds the TRITC-dextran solution to a few wells in the 96-well plate.
2.6.3. Talent transfers the plate to an incubator at 22 °C.
2.7. To begin preparing the cells for flow cytometry, add 50 μL of dextran-containing media to the 0 min update controls [1-MED]. Next, decant the medium from the plate [2-MED] and pat dry on a tissue [3-CU].
2.7.1. Talent adds the dextran-containing media to the 0 min update controls.
2.7.2. Talent decants the medium from the plate.
2.7.3. Talent pats the plate dry on a tissue.
2.8. Wash the plate by submerging it in ice-cold KK2 buffer [1-CU/MED], and then carefully decant the buffer from the plate [2-MED].
2.8.1. Talent submerges the plate in ice-cold KK2 buffer.
2.8.2. Talent decants the buffer from the plate.
2.9. Add 100 μL of a solution, containing ice-cold 5mM sodium axide dissolved in KK2MC, to each well [1-MED-TXT]. Measure the fluid update by flow cytometry, as outlined in the text protocol [2-MED/WIDE].
2.9.1. Talent adds the described solution to a few wells of the 96-well plate. TEXT: Caution: Sodium azide is extremely toxic
2.9.2. Talent approaches the flow cytometer with the plate in hand. Alternatively, any step in this measuring process can be shown here, including filming the talent reviewing the final data on a workstation computer.
3. Performing Fluid Uptake Time-courses
3.1. Prepare a fresh flat-bottomed 96-well tissue-culture plate as previously described – with three wells for each strain and condition [1-MED]. For a typical time-course, plan on measuring fluid uptake at 0, 30, 60, 90, 120, 180 minutes [2-LM]. 
3.1.1. Talent, at the lab bench, prepares a 96-well tissue-culture plate. Any step showing the talent transferring medium/cells into the wells of the plate will work here. Any shot from the previous set up of the plate (2.2 – 2.5) can be re-used here.	Comment by Anthony Iannazzi: Authors: As you mentioned in your email – I feel that including a brief statement mentioning that this is a new plate (set up like the old plate) makes the story a bit smoother.

If you feel that this can be truncated further, then please feel free to cut shots. I’ve left a note for the Videographer here – we can definitely re-use shots and do not need to film this portion again.
3.1.2. LAB MEDIA: 58434_Marked Plate - Close up still picture showing the plate head-on. Please capture this as clearly and closely as possible, as it will be used to illustrate a typical time-course.
3.2. Add 50 μL of dextran-labeled medium to the 180 minute time point wells [1-CU]. 60 minutes later, add dextran-labeled medium to the 120 minute time point wells [2-MED]. Continue adding the medium like this sequentially, for the entire plate [3-MED].
3.2.1. Talent adds dextran-labeled medium to the 180 minute time point wells.
3.2.2. Talent approaches the lab bench and add dextran-labeled medium to the 120 minute time point wells. Film this shot from a different focal length/angle than 3.2.1 to emphasize that it is a different action. 
3.2.3. Talent adds dextran-labeled medium to other wells in the plate. Film this shot from a different focal length/angle than 3.2.1 and 3.2.2 to emphasize that it is a different action.
3.3. At 0 minutes, add 50 μL of dextran-containing medium to the 0 minute control wells [1-CU]. Then, immediately decant the medium [2-MED]. Wash the plate by submerging it in ice-cold KK2 buffer, and then carefully decant the buffer from the plate [3-MED].
3.3.1. Talent adds dextran-containing medium to the 0 minute control wells. Film this shot from a different focal length/angle than 3.2.1/3.2.2/3.2.3 to emphasize that it is a different action.
3.3.2. Talent decants the medium from the plate.
3.3.3. Talent submerges the plate in ice-cold KK2 buffer, and then decants the buffer from the plate. Alternatively, film these actions separately.
3.4. Analyze the plate using flow cytometry as outlined in the text protocol [1-MED].
3.4.1. Talent, at the bench, performing flow cytometry. Any step in this measuring process can be shown here, including filming the talent reviewing the final data on a workstation computer.
4. Dose Response Curves
4.1. Prepare a fresh flat-bottomed 96-well tissue-culture plate as previously described – with three wells for each strain and condition [1-MED].
4.1.1. Talent, at the lab bench, prepares a 96-well tissue-culture plate. Any step showing the talent transferring medium/cells into the wells of the plate will work here. Any shot from the previous set up of the plate (2.2 – 2.5) can be re-used here.	Comment by Anthony Iannazzi: Authors: As you mentioned in your email – I feel that including a brief statement mentioning that this is a new plate (set up like the old plate) makes the story a bit smoother.

If you feel that this can be truncated further, then please feel free to cut shots. I’ve left a note for the Videographer here – we can definitely re-use shots and do not need to film this portion again.
4.2. Prepare medium containing dextran at a concentration of 1 mg/mL [1-MED]. Use this medium to dilute the compound of interest to a concentration that is double the desired maximum final concentration [2-MED].
4.2.1. Talent adds medium and dextran to a tube, creating medium containing dextran at a concentration of 1 mg/mL.
4.2.2. Talent adds the compound of interest to the tube containing the medium/dextran.
4.3. Then, prepare a second tube with medium containing dextran at the same proportion of vehicle [1-MED]. Mix both solutions by vortexing [2-CU].
4.3.1. Talent adds medium and dextran to a second tube.
4.3.2. Talent vortexes the tubes of medium/dextran.
4.4. Use these solutions to create a dilution series of the compound of interest in 200 μL dextran-containing medium per sample [1-MED-TXT]. Mix each sample by vortexing [2-MED].
4.4.1. Talent uses the two tubes of dextran/medium to prepare a dilution series – by adding some of each solution to fresh tubes. TEXT: See Figure 4A for details on the dilution.
4.4.2. Talent vortexes one of the dilutions.
4.5. Add 50 μL of this medium to each sample well [1-CU].
4.5.1. Talent adds the dilution to a few wells in the 96-well plate.
4.6. After 1 hour, decant the medium from the plate [1-MED]. Wash the plate by submerging it in ice-cold KK2 buffer [2-CU], and then carefully decant the buffer from the plate [3-MED].
4.6.1. Talent decants the medium from the plate.
4.6.2. Talent submerges the plate in ice-cold KK2 buffer.
4.6.3. Talent decants the buffer from the plate.
4.7. Analyze the plate using flow cytometry as outlined in the text protocol.
4.7.1. Talent, at the bench, performing flow cytometry. Any step in this measuring process can be shown here, including filming the talent reviewing the final data on a workstation computer.

5. Results: Measurements of Dictyostelium discoideum Macropinocytosis
5.1. Representative flow cytometry data shows that [1-LM], when the cytometer is not blocked and the forward scatter and side scatter profiles of cells are set properly, the cells can be easily distinguished [2-LM].
5.1.1. LAB MEDIA: Figure 2.pdf – Show Figure 2A and Figure 2B. Show text over Figure 2A saying “Flow cytometer not blocked”. Show text over Figure 2B saying “Flow cytometer blocked”
5.1.2. LAB MEDIA: Figure 2.pdf – Still showing Figures 2A and 2B with the text from 5.1.1, visually emphasize the data inside the ellipse.
5.2. When looking for differences between mutants, it is likely that there will be one of three phenotypes [1-LM]. The mutants could have normal fluid uptake [2-LM], they could have a partial defect [3-LM], or fluid uptake could be completely abolished [3-LM].
5.2.1. LAB MEDIA: Figure 2.pdf – Show Figure 2D.
5.2.2. LAB MEDIA: Figure 2.pdf – Still showing only Figure 2D. Visually emphasize the green data/peak, which represents the Ax2 strain that has normal fluid uptake.
5.2.3. LAB MEDIA: Figure 2.pdf – Still showing only Figure 2D. Visually emphasize the orange data/peak, which represents the strain that has reduced fluid uptake from a partial defect.
5.2.4. LAB MEDIA: Figure 2.pdf – Still showing only Figure 2D. Visually emphasize the blue data/peak, which represents the strain with abolished fluid uptake.
5.3. The average median fluid uptake is used to calculate the volume of fluid internalized [1-LM]. In a fluid uptake time course, the internalized fluorescence increases for 60 to 90 minutes [2-LM] – after which the dextran begins to be exocytosed, and a plateau is reached [3-LM].
5.3.1. LAB MEDIA: Figure 3.pdf – Show Figure 3B.
5.3.2. LAB MEDIA: Figure 3.pdf – Still showing only Figure 3B. Visually emphasize the upward-trending slope seen from the 0 – 90 minute time points.
5.3.3. LAB MEDIA: Figure 3.pdf – Still showing only Figure 3B. Visually emphasize the data from 90 – 180 minutes.
5.4. The average median fluid uptake is also used when comparing data against a control, such as when treating cells with inhibitors that are effective against macropinocytosis [1-LM]. In treated cells, the dextran internalized in 1 h is seen to decrease, and almost drops to zero at higher inhibitor concentrations [2-LM].
5.4.1. LAB MEDIA: Figure 4.pdf – Show Figure 4B and Figure 4C.
5.4.2. LAB MEDIA: Figure 4.pdf – Still showing only Figures 4B and 4C. Visually emphasize the data in Figure 4B as it decreases, highlighting that this decrease is more severe at higher inhibitor concentrations (such as how it nears zero at concentrations of 100 μM).
5.5. Not all inhibitors are completely effective – such as nocodazole, which only inhibits up to 50% of macropinocytosis [1-LM].
5.5.1. LAB MEDIA: Figure 4.pdf – Still showing only Figures 4B and 4C. Visually emphasize the data in Figure 4C.


6. Conclusion (said by authors on camera)

6.1. Author Name: Following this procedure, other methods like microscopy can be performed in order to answer additional questions like why the fluid uptake may be different in a particular condition, such as why cells with reduced macropinocytosis may make fewer or smaller macropinosomes.	Comment by Anthony Iannazzi: Authors: Please list who is delievering this statement.
6.1.1. Talent says the statement above in an interview style shot, looking slightly off camera.


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.


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 are included in the email accompanying the finalized script.
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