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Author Questionnaire 
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  No  
If Yes, can you record movies/images using your own microscope camera?
-  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.

-

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Yes
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. Please upload all screen captured video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations?   No
If Yes, how far apart are the locations? -

To ensure that your script can be filmed in one day, the Protocol section is restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length

Number of Steps:  29
Number of Shots:  59

Introduction

1. Introductory Interview Statements

Your answers to these questions will become author interview statements, which authors will memorize and then deliver on camera.
· Enter the full name of the author who will deliver the statement.
· Fill out both required statements
· Answer in full sentences, in a style suitable for being spoken aloud. 
· Limit the length of each statement to 30 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

REQUIRED: Why is your protocol significant? OR What key questions can this method help answer? 
1.1. Koen Galenkamp: Macropinocytosis is an endocytic pathway that is important for a variety of cellular processes, including cancer metabolism. This protocol allows to quantify the extent of macropinocytosis in cells in vitro. 

REQUIRED: What is the main advantage of this technique?
1.2. Koen Galenkamp: The automation is aimed at maximizing productivity, reproducibility and reducing experimental variation. Moreover, fluorescent microscopy allows for visual inspection of the sample to determine experimental quality and assess additional macropinosome characteristics.

Introduction of Demonstrator on Camera

Complete this statement ONLY if any of the individuals who will be demonstrating the procedure on camera will not be delivering an Introductory Interview Statement.

1.3. Enter name of author who will introduce demonstrator: Demonstrating the procedure will be Click here to enter name of demonstrator(s)., a Click here to enter demonstrator job title. from my laboratory. Include additional demonstrators as needed.  
1.3.1. INTERVIEW: Author saying the above. 
1.3.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera.

1.4. 

Protocol
Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The one-digit numbers represent sections of the video. The text will appear onscreen.
· The two-digit numbers (e.g. 2.1., 2.2.) represent steps of your protocol. The text will be recorded by a professional voiceover talent. 
· The three-digit numbers (e.g. 2.1.1., 2.2.2.) represent the shots that our videographer will capture at your lab. 
· To ensure that your protocol can be filmed in one day, the protocol is restricted to 25 steps and/or 55 shots. 

Please use this draft script to help you prepare for filming day.
· Filming should take no more than 10 minutes per step. If a step will take more than 10 minutes, prepare the product from that step in advance.

Authors: Acquire screen capture videos for all shots labeled SCREEN and upload them to your project page: https://www.jove.com/account/file-uploader?src=19162588

2. Preparation of Cells
2.1. For the 24-well plate with coverslip format, use forceps to grip a single coverslip from the ethanol bath [1], tap the coverslip to the inside wall of the plate to remove excess ethanol [2], and place the coverslip flat on the bottom of a well [3].
2.1.1. WIDE: Establishing shot of talent gripping coverslip using forceps.
2.1.2. Talent tapping the coverslips to the inside wall of the plate.
2.1.3. Talent placing the coverslips on the bottom of the well.

2.2. After the ethanol evaporates, wash the coverslip twice with DPBS [1]. Then, seed the cells on top of the coverslip by adding 500 microliters of the cell suspension to each well [2].
2.2.1. Talent washing the coverslips with DPBS.
2.2.2. ECU: Talent adding the cell suspension on the coverslip

2.3. Place the cells in a 37-degree Celsius cell incubator with 5% carbon dioxide until cell confluency reaches 60% to 80% on the day before macropinosome labeling [1].
2.3.1. Talent placing the 24-well plate in the incubator. Videographer: Obtain multiple takes to be used throughout the video

2.4. The day before macropinosome labeling, replace the media in the wells with 500 microliters of prewarmed serum-free media [1] and place the cells in the incubator for 16 to 24 hours [2].
2.4.1. Talent adding serum-free media to the 24-well plate.
2.4.2. Use 2.3.1 Talent placing the 24-well plate in the incubator.

2.5. For the 96-well microplate format, begin by transferring the cell suspension to a 25-milliliter reagent reservoir [1]. Then, using a multichannel pipette, seed 100 microliters of the cell suspension to each well of a black 96-well high-content screening microplate with an optically clear cyclic olefin or glass-bottom [2].
2.5.1. Talent transferring the cell suspension into the reagent reservoir.
2.5.2. Talent seeding cells in the 96-well plate.

2.6. Incubate the cells until cell confluency reaches 60% to 80% on the day before macropinosome labeling [1].
2.6.1. [bookmark: _Hlk82685689]Talent placing the 96-well plate in the incubator. Videographer: Obtain multiple takes to be used throughout the video

2.7. The day before macropinosome labeling, remove and discard the media from each well using a multichannel aspiration adapter for standard tips attached to a vacuum pump. Alternatively, a multichannel pipette can be used [1].
2.7.1. Talent aspirating the media from each well using aspiration adapter.

2.8. Using a reagent reservoir and multichannel pipette, gently add 100 microliters of prewarmed serum-free media to each well [1], then place the cells in the cell incubator for 16 to 24 hours [2].
2.8.1. Talent adding serum-free media to the 96-well plate.
2.8.2. [bookmark: _Hlk82687358]Use 2.6.1. Talent placing the 96-well plate in the incubator
3. Macropinosome Labeling
3.1. For the 24-well plate with coverslip format, replace the media in the wells with 200 microliters of serum-free media with fluorophore-labeled high-molecular-weight dextran [1-TXT] and place the cells in the cell incubator for 30 minutes [2].
3.1.1. WIDE: Talent Adding serum-free media with dextran. TEXT: 1 mg/mL fluorophore-labeled 70kDa dextran
3.1.2. Use 2.3.1 Talent placing the 24-well plate in the incubator.

3.2. After the incubation, aspirate the media [1] and gently but quickly wash the cells 5 times with ice-cold PBS using a precooled wash bottle [2]. Firmly shake the plate by hand during washes to aid in dislodging dextran aggregates that become stuck to the coverslips [3].
3.2.1. Talent aspirating the media
3.2.2. [bookmark: _Hlk82686390]Talent washing the cells in the 24-well plate with PBS. Videographer: Obtain multiple takes to be used throughout the video
3.2.3. Talent shaking the plate.

3.3. Next, fix the cells by adding 350 microliters of 3.7% formaldehyde and incubating for 20 minutes [1]. Then, aspirate the fixation solution [2] and wash the cells with PBS twice [3].
3.3.1. Talent adding formaldehyde to cells.
3.3.2. Talent aspirating the fixation solution.
3.3.3. Use 3.2.2. Talent washing the cells in the 24-well plate with PBS.

3.4. Stain the nuclei with 350 microliters of DAPI in PBS [1-TXT]. After 20 minutes, aspirate the DAPI solution [2] and wash the cells with PBS thrice [3].
3.4.1. Talent adding DAPI. TEXT: 2 μg/mL DAPI
3.4.2. Talent aspirating the DAPI solution.
3.4.3. Use 3.2.2. Talent washing the cells in the 24-well plate with PBS.

3.5. Adhere silicone isolators side-by-side on a microscope slide to obtain even spacing and reproducible localization of the coverslips, required for imaging automation [1]. 
3.5.1. Talent placing the silicone isolators on the slide. Video Editor: Show LAB MEDIA: Figure 2A, 2B as inset

3.6. Then, for each coverslip, add a drop of hardening fluorescence mounting media on the microscope slide within the open space of the isolator [1]. Pick up a coverslip using forceps and remove excess PBS by gently tapping the side of the coverslips on a lint-free wipe [2]. 
3.6.1. Talent adding fluorescence mounting media on the slide. Video Editor: Show LAB MEDIA: Figure 2C as inset
3.6.2. Talent tapping the coverslip on wipe. 

3.7. Next, place the coverslip upside down on the drop of mounting media [1] and gently tap the coverslip using closed forceps to remove bubbles from the mounting media [2]. Store the slides in a dark environment and allow the mounting media to dry at room temperature, typically taking 16 to 24 hours [3-TXT]. 
3.7.1. Talent turning the coverslip upside down. Video Editor: Show LAB MEDIA: Figure 2D as inset
3.7.2. Talent tapping the coverslip with closed forceps. Video Editor: Show LAB MEDIA: Figure 2E as inset
3.7.3. Talent storing the slides in a dark environment. TEXT: After drying, image or store at -20 °C for up to 2 weeks

3.8. Before imaging, remove the isolators from the microscope slide [1]. After the slides have equilibrated to room temperature, clean the coverslips using a cotton-tipped applicator wetted with ammonia-free glass cleaner [2]. Subsequently, use a clean cotton-tipped applicator wetted with 70% ethanol to clean the coverslip and leave it dry [3].
3.8.1. Talent removing the isolators from slide.
3.8.2. Talent cleaning the coverslips with glass cleaner.
3.8.3. Talent cleaning the coverslips with ethanol.

3.9. For the 96-well microplate format, after aspirating the wells as demonstrated previously, add 40 microliters of serum-free media with fluorophore-labeled high-molecular-weight dextran to the wells [1]. Then, incubate the cells in the cell incubator for 30 minutes [2].
3.9.1. Talent adding media with dextran to the 96-well plate. 
3.9.2. Use 2.6.1. Talent placing the 96-well plate in the incubator.

3.10. After incubation, discard the media in the microplate by manually flicking the plate upside down into an empty 5-liter beaker [1]. 
3.10.1. Talent discarding the media by flicking plate.

3.11. Then, rinse the cells in the microplate twice by slowly submerging the plate vertically, at a slight angle, into a 2-liter beaker filled with ice-cold PBS [1] and subsequently discarding the PBS in the microplate by flicking the plate upside down into the 5-liter beaker [2]. 
3.11.1. [bookmark: _Hlk82688065]Talent submerging the plate in ice-cold PBS. Videographer: Obtain multiple takes to be used throughout the video
3.11.2. [bookmark: _Hlk82687881]Talent discarding PBS by flicking plate. Videographer: Obtain multiple takes to be used throughout the video

3.12. After the last PBS rinse, fix the cells by adding 100 microliters of 3.7% formaldehyde in PBS to each well using a 25-milliliter reagent reservoir and a multichannel pipette [1]. After a 20-minute incubation at room temperature, remove the fixation solution [2] and wash the cells with PBS twice using the submerging and flicking technique [3].
3.12.1. Talent adding formaldehyde to the 96-well plate.
3.12.2. Talent removing the fixation solution.
3.12.3. Use 3.11.1./3.11.2 Talent submerging the plate in ice-cold PBS and Talent discarding PBS by flicking plate

3.13. After the second PBS wash, stain the nuclei with 100 microliters of DAPI in PBS per well [1]. After 20 minutes, rinse the cells thrice with ice-cold PBS, as demonstrated previously [2].
3.13.1. Talent adding DAPI to the 96-well plate. 
3.13.2. Use 3.11.1. Talent submerging the plate in ice-cold PBS

3.14. Remove any residual PBS by tapping the microplate upside-down onto a lint-free wipe [1], then add 100 microliters of fresh PBS to each well using a 25-milliliter reagent reservoir and multichannel pipette [2]. 
3.14.1. Tapping plate upside down on wipe.
3.14.2. Talent adding fresh PBS to the 96-well plate.

3.15. Before imaging, let the plate equilibrate to room temperature, then wipe the cell culture plate dry with a lint-free wipe. Alternatively, store the plate covered from light at 4 degrees Celsius for up to one week [1].
3.15.1. Talent wiping the plate with a wipe.
 
4. Automated Macropinosome Imaging 
4.1. For automated macropinosome imaging [1], create an automation protocol to acquire the images with a 40x air objective in the wavelength channel of the dextran fluorophore and DAPI [2]. 
4.1.1. WIDE: Talent at the computer, opening software, monitor visible in frame. Videographer: Obtain a few shots of talent clicking the mouse and typing on the keyboard to use as b-roll throughout the video
4.1.2. SCREEN: Creating automation protocol. 

4.2. Next, optimize exposure settings using a sample predicted to have the highest level of macropinocytosis to avoid overexposure, which may result in saturation of the signal and loss of intensity data [1]. Use focus settings that readily and consistently locate the sample to produce high-quality images [2].
4.2.1. SCREEN: Optimizing exposure settings. 
4.2.2. SCREEN: Using/adjusting focus settings.

4.3. Acquire multiple images across each well or coverslip to account for sample variability and obtain an accurate representation of the sample [1]. 
4.3.1. SCREEN: Acquiring images.

5. Determining the Macropinocytic Index
5.1. To determine the macropinocytic index [1], subtract the background for the DAPI and corresponding dextran image by applying the appropriate function, frequently called the rolling ball function [2]. Adjust the settings so that the background noise is minimized with minimal to no subtraction effect on the DAPI and dextran signal [3].
5.1.1. WIDE: Talent at the computer, using software, monitor visible in frame
5.1.2. SCREEN: Subtracting the background (applying the rolling ball function).
5.1.3. SCREEN: Adjusting the background noise.	Comment by Koen Galenkamp: Not a step and will happen automatically in 5.1.2

5.2. Next, using a field with high dextran signal, determine the intensity signal settings, frequently called the threshold function, to select the nuclei, then determine the minimum intensity signal setting required to select only the macropinosomes [1].
5.2.1. SCREEN: Determining the intensity signal setting and minimum intensity signal setting

5.3. For the dextran image, calculate the total fluorescence within the created macropinosome selection or use the selection to determine the total area positive for dextran [1]. 
5.3.1. SCREEN: Calculating the total fluorescence of the dextran image

5.4. For the DAPI image, use the selection to determine the number of nuclei in the image to reflect the number of cells present [1]. Then, determine the macropinocytic index by dividing the total dextran fluorescence or area by the number of cells determined by DAPI [2].
5.4.1. SCREEN: Determining the number of nuclei in the DAPI image.
5.4.2. SCREEN: Determining the macropinocytic index.

Authors: Acquire screen capture videos for all shots labeled SCREEN and upload them to your project page: https://www.jove.com/account/file-uploader?src=19162588


Protocol Script Questions
Authors: Please use the step and shot numbers from the script above (not step numbers from the manuscript) when answering the questions below. Do not include steps that will be screen-captured and do not list entire sections.

1) Which steps from the protocol are the most important for viewers to see? Please list 4 to 6 individual steps (steps are indicated with the 2-digit numbers, like 2.1, 2.2, etc.). 

3.2.2 PBS Wash
3.2.3 Shake plate

3.5.1 Silicone Isolators

3.9.1 Adding dextran
3.10.1 Flicking plate
3.11.1 Submersion wash

2) If a dissection or stereo microscope is required for your protocol, please list all shots that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).

[bookmark: Text3][bookmark: Text2]Click here to list microscope shots, using the shot numbers from the protocol section of the video script.     



Results
Please review this section to make sure that it accurately reflects your findings.
· Use Track Changes when making edits or revisions.
· If you would like the video to include different results, please revise this section.
· When revising, please keep the length of the voiceover below 200 words. Current word count: 89. (Voiceover is the text that follows the two-digit numbers)
· Please note that the video cannot include voiceover without an accompanying visual. 

6. Quantification of Macropinocytosis and Dose-response Curve for Macropinocytosis Inhibitors
6.1. [bookmark: _Hlk77867581]In AsPC-1 (A-S-P-C-one) PDAC (P-dac) cells [1], adding EGF (E-G-F) at 100 nanograms per milliliter for 5 minutes before adding the dextran activates macropinocytosis [2]. Moreover, autocrine EGF activation of macropinocytosis can be induced by glutamine deprivation for 16 to 24 hours [3]. Authors: How should the JoVE voiceover talent pronounce AsPC-1 PDAC?
6.1.1. LAB MEDIA: Figure 5A. 
6.1.2. LAB MEDIA: Figure 5A. TEXT: EGF: Epidermal growth factor Video Editor: Emphasize all +Q/EGF bars 
6.1.3. LAB MEDIA: Figure 5A. Video Editor: Emphasize all -Q bars

6.2. MIA (mia) PaCa-2 (pa-ka-two) cells show constitutive macropinocytosis [1], which is inhibited by a 30-minute treatment with 75 micromolar EIPA (E-I-P-A) [2] or a 2-hour treatment with 10 micromolar EHop-016 (E-hop-zero-sixteen) [3]. Authors: Please confirm that all pronunciation guides in red italic font are correct.
6.2.1. LAB MEDIA: Figure 5B. 
6.2.2. LAB MEDIA: Figure 5B. Video Editor: Emphasize all EIPA bars
6.2.3. LAB MEDIA: Figure 5B. Video Editor: Emphasize all EHop-016 bars

6.3. In a dose-response experiment [1], the macropinocytic index gradually decreased at higher drug concentrations of EHop-016 [2] and EIPA [3], thereby confirming the existence of constitutive Rac1(rack-one)-dependent macropinocytosis [4].
6.3.1. LAB MEDIA: Figure 6. 
6.3.2. LAB MEDIA: Figure 6A.
6.3.3. LAB MEDIA: Figure 6B.
6.3.4. LAB MEDIA: Figure 6.


Conclusion
7. [bookmark: _Hlk27388131]Conclusion Interview Statements

Below are prompts for interview statements that can be used to further emphasize the significance of your protocol. 
· Answer one of the prompts below.
· Limit the statements to 30 words.
· Answer the question in full sentences; you will need to memorize and deliver the interview statements during filming. 
· Indicate the full name of the author who will deliver the statement. 
What is the most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section of the script that this advice applies to.
7.1. Koen Galenkamp: -
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
7.2. Koen Galenkamp: The procedure can be adapted to assess macropinocytosis of other fluorescently-tagged cargo, such as albumin. Additionally, it is recommended to evaluate whether macropinocytic uptake of albumin contributes to cell fitness by performing cell viability assays.
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
7.3. Koen Galenkamp: The here described technique has been central to the identification of macropinocytic nutrient supply in cancer and stromal cells and the automation has greatly increased our condition testing capacity.


Thank you for addressing our questions. We will incorporate your answers and suggestions, and send you the final script before your filming day. You will also receive detailed preparation instructions in the email accompanying the final script.
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