[image: ] FINAL SCRIPT: APPROVED FOR FILMING

Submission ID #: 62733
Scriptwriter Name: Shehnaz Lokhandwala
Supervisor Name: Anastasia Gomez
Project Page Link: https://www.jove.com/account/file-uploader?src=19133613

Title: Measuring the pH, Redox Chemistries, and Degradative Capacity of Macropinosomes using Dual-Fluorophore Ratiometric Microscopy

Authors and Affiliations: 
Liam Wilkinson1,2, Johnathan Canton2,3

1Department of Biochemistry & Microbiology, Faculty of Science, University of Victoria
2Department of Comparative Biology and Experimental Medicine, Faculty of Veterinary Science, University of Calgary
3Calvin, Joan and Phoebe Snyder Institute for Chronic Diseases, University of Calgary


Corresponding Authors: 
[bookmark: _Hlk25233958]Johnathan Canton	(johnathan.canton@ucalgary.ca)

Email Addresses for All Authors: 
johnathan.canton@ucalgary.ca
lwilkinson220@gmail.com






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  

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  No

3. Filming location: Will the filming need to take place in multiple locations?   No

Current Protocol Length

Number of Steps:  20
Number of Shots:  40 

Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. Liam Wilkinson: This protocol allows for the real-time assessment of various processes and biochemical parameters within the lumen of individual macropinosomes. These methods can be employed to drive discovery in the cell biology of macropinocytosis.
1.1.1. [bookmark: _Hlk68622000][bookmark: _Hlk68691097][bookmark: _Hlk70431861]INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested b-roll: 2.6.2

1.2. [bookmark: _Hlk77258827]Liam Wilkinson: This protocol provides the advantage of revealing heterogeneity at the both the cellular and organellar level.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 


Protocol
2. Measuring Macropinosome pH
2.1. One day before the assay, seed Raw264.7 (raw-two-sixty-four-point-seven) cells at a density of 5 x 104 cells in 100 microliters per well in a glass-bottom 96-well plate with black sides [1-TXT]. 
2.1.1. [bookmark: _Hlk75270708]WIDE: Talent seeding cells in a 96-well plate. TEXT: See text for Raw264.7 cell culture details Videographer: Obtain multiple usable takes because this will be reused in 4.1.1 and 5.1.1

2.2. On the day of the assay, check whether the wells are at least 70% confluent [1], then wash all the wells with 100 microliters of HBSS (H-B-S-S) prewarmed at 37 degrees Celsius [2]. 
2.2.1. Talent checking the cells under a microscope.
2.2.2. Talent washing the wells with HBSS. Videographer: Obtain multiple usable takes because this will be reused in 4.2.1 and 5.1.2

2.3. [bookmark: _Hlk70434378]Next, add 100 microliters of HBSS containing 0.025 milligrams per milliliter of TMR (T-M-R)-labeled 70-kilodalton dextran and 0.025 milligrams per milliliter of fluorescein-labeled 70-kilodalton dextran in each well [1-TXT], then incubate the cells at 37 degrees Celsius for 15 minutes [2]. Videographer: This step is important!
2.3.1. Talent adding HBSS + TMR-dextran + fluorescein-dextran in each well. TEXT: TMR: Tetramethylrhodamine
2.3.2. Talent placing the plate in an incubator. Videographer: Obtain multiple usable takes because this will be reused in 4.3.2 and 5.2.2.

2.4. After the incubation is complete, remove the plate from the incubator [1] and wash the cells 6 times with 100 microliters of HBSS [2]. Videographer: This step is important!
2.4.1. Talent removing the cells from the incubator.
2.4.2. [bookmark: _Hlk75270803]Talent washing the cells with HBSS. Videographer: Obtain multiple usable takes because this will be reused in 4.4.1 and 5.3.1

2.5. After the last wash, add 100 microliters of prewarmed HBSS to the cells [1] and place the plate on a microscope with a heated stage and chamber [2].
2.5.1. [bookmark: _Hlk75270836]Talent adding HBSS to the cells. Videographer: Obtain multiple usable takes because this will be reused in 4.4.2 and 5.3.2
2.5.2. [bookmark: _Hlk75270868]Talent placing the plate on the microscope. Obtain multiple usable takes because this will be reused in 4.4.3 and 5.3.3.

2.6. After adjusting the excitation and emission parameters for TMR and fluorescein as needed [1], acquire an image from each well, alternating between the two fluorophores in between each well [2]. Videographer: This step is important!
2.6.1. [bookmark: _Hlk70433720]SCREEN: Adjusting excitation/emission parameters for TMR and fluorescein. Videographer: Please film the screen for this shot
2.6.2. SCREEN: Acquiring an image from each well, alternating between TMR and fluorescein in between each well. Videographer: Please film the screen for this shot

2.7. After the first acquisition, check whether all the wells remained in focus across the entire plate [1], then acquire images of each well at 1- to 15-minute intervals for the desired length of time [2].
2.7.1. SCREEN: Checking if all the wells remained in focus. Videographer: Please film the screen for this shot
2.7.2. SCREEN: Acquiring images of each well at 1-15 min intervals. Videographer: Please film the screen for this shot

3. In Situ Calibration of Macropinosome pH
3.1. During the image acquisition, adjust the pH of a 50-milliliter aliquot of a potassium-rich solution buffered with 25 millimolar HEPES (hep-ease) to 7.5 using 10 molar hydrochloric acid or 10 molar potassium hydroxide, as needed [1-TXT].
3.1.1. WIDE: Talent adjusting pH of K+-rich solution/HEPES to 7.5. TEXT: See text for K+-rich solution preparation details

3.2. Then, adjust the pH of three 50-milliliter aliquots of the potassium-rich solution buffered with 25 millimolar MES (M-E-S) to pH 6.5 [1], pH 5.5, and pH 5.0 [2].
3.2.1. Talent adjusting pH of one aliquot of K+-rich solution/MES to 6.5.
3.2.2. Shot of the three aliquots clearly labeled with their pH.

3.3. Once the image acquisition is complete [1], remove the HBSS from the 96-well plate containing the cells [2] and add the potassium-rich solution at pH 7.5 [3]. Then, add nigericin (niger-ice-in) at a final concentration of 10 micrograms per milliliter [4]. Videographer: This step is important!
3.3.1. Talent removing the plate from the microscope.
3.3.2. Talent removing the HBSS from the plate.
3.3.3. Talent adding K+-rich solution at pH 7.5 to the wells.
3.3.4. Talent adding nigericin to the wells.

3.4. Place the plate back on the microscope [1] and acquire images of each well using the same acquisition settings as demonstrated previously [2-TXT].
3.4.1. Talent placing the plate back onto the microscope.
3.4.2. Talent at the computer, using software to acquire images, monitor visible in frame. TEXT: Repeat for the calibration buffers at pH 6.5, 5.5 and 5.0

4. Measuring Oxidative Events within Macropinosomes
4.1. To measure oxidative events within macropinosomes, seed Raw264.7 cells in a 96-well plate one day before the assay as demonstrated previously [1].
4.1.1. WIDE: Use 2.1.1. Talent seeding cells in a 96-well plate. 

4.2. Then, on the day of the assay, wash all the wells with 100 microliters of HBSS prewarmed to 37 degrees Celsius [1].
4.2.1. Use 2.2.2. Talent washing the wells with HBSS.

4.3. Next, add 100 microliters of HBSS containing 0.025 milligrams per milliliter of TMR-labeled 70-kilodalton dextran and 0.025 milligrams per milliliter of H2DCFDA (H-two-D-C-F-D-A)-labeled 70-kilodalton dextran to each well [1-TXT], then incubate the cells at 37 degrees Celsius for 15 minutes [2].
4.3.1. Talent adding HBSS + TMR-dextran + H2DCFDA-dextran in each well. TEXT: See text for H2DCFDA succinimidyl ester labeled dextran preparation details
4.3.2. Use 2.3.2. Talent placing the plate in an incubator.

4.4. [bookmark: _Hlk75271494]After removing the plate from the incubator, wash the cells 6 times with 100 microliters of HBSS [1]. After the last wash, add 100 microliters of HBSS to each well [2] and place the plate on the microscope [3].
4.4.1. Use 2.4.2. Talent washing the cells with HBSS.
4.4.2. Use 2.5.1. Talent adding HBSS to the cells.
4.4.3. Use 2.5.2. Talent placing the plate on the microscope.

4.5. After adjusting the excitation and emission parameters for TMR and H2DCFDA as needed [1], acquire images of each well at 1- to 15-minute intervals as demonstrated previously [2].
4.5.1. SCREEN: Adjusting excitation/emission parameters for TMR and H2DCFDA. Videographer: Please film the screen for this shot
4.5.2. Talent at the computer, using the software to acquire images at 1-15 min intervals, monitor visible in frame.

5. Measuring Protein Digestion within Macropinosomes
5.1. To measure protein digestion within macropinosomes, seed Raw264.7 cells one day before the assay as demonstrated previously [1]. Then, on the day of the assay, wash all the wells with 100 microliters of HBSS prewarmed at 37 degrees Celsius [2].
5.1.1. WIDE: Use 2.1.1. Talent seeding cells in a 96-well plate
5.1.2. Use 2.2.2. Talent washing the wells with HBSS.

5.2. Next, add 100 microliters of HBSS containing 0.025 milligrams per milliliter of TMR-labeled 70-kilodalton dextran and 0.2 milligrams per milliliter of BODIPY (bow-dee-pee)-labeled ovalbumin to each well [1], then incubate the plate at 37 degrees Celsius for 15 minutes [2]. 
5.2.1. Talent adding HBSS + TMR-dextran + BODIPY-albumin in each well.
5.2.2. Use 2.3.2. Talent placing the plate in an incubator.

5.3. After removing the cells from the incubator, wash them 6 times with 100 microliters of HBSS [1]. After the last wash, add 100 microliters of HBSS to each well [2] and place the plate on the microscope [3].
5.3.1. Use 2.4.2. Talent washing the cells with HBSS.
5.3.2. Use 2.5.1. Talent adding HBSS to the cells.
5.3.3. Use 2.5.2. Talent placing the plate on the microscope.

5.4. [bookmark: _Hlk75285239]After adjusting the excitation and emission parameters for TMR and BODIPY as needed, acquire images of each well at 1- to 15-minute intervals as demonstrated previously [1].
5.4.1. SCREEN: Adjusting excitation/emission parameters for TMR and BODIPY Videographer: Please film the screen for this shot
5.4.2. Talent at the computer, using software to acquire images, monitor visible in frame.


5.5. 

Results
6. Results: Measuring the pH, Oxidative Events, and Protein Degradation in Macropinosomes using Dual-Fluorophore Ratiometric Microscopy
6.1. When measuring the pH [1], oxidative events [2], or protein degradation in macropinosomes [3], the dynamics of acidification cannot be measured for a certain time period corresponding to the dextran loading phase, which varies depending on the cell type used [4].
6.1.1. LAB MEDIA: Figure 2C, 3C and 3D. Video Editor: Emphasize Figure 2C
6.1.2. LAB MEDIA: Figure 2C, 3C and 3D. Video Editor: Emphasize Figure 3C
6.1.3. LAB MEDIA: Figure 2C, 3C and 3D. Video Editor: Emphasize Figure 3D
6.1.4. [bookmark: _Hlk68693034][bookmark: _Hlk68098449]LAB MEDIA: Figure 2C, 3C and 3D. Video Editor: Emphasize the gray area from ~0-15 minutes in each figure

6.2. When measuring the macropinosome pH [1], the fluorescein to TMR ratio will become progressively smaller and will plateau within the first 15 minutes of acquisition. This plateau corresponds to a pH of approximately 5, which roughly matches the pH of lysosomes [2].
6.2.1. LAB MEDIA: Figure 2C.
6.2.2. LAB MEDIA: Figure 2C. Video Editor: Emphasize the black line connecting the three data points.

6.3. At the end of each acquisition, an in-situ calibration is performed [1]. The fluorescein to TMR ratio should be largest with the calibration buffer at pH 7.5 [2] and become progressively smaller as the calibration buffers become more acidic [3]. This allows for the generation of a calibration curve [4].
6.3.1. LAB MEDIA: Figure 2B.
6.3.2. LAB MEDIA: Figure 2B. Video Editor: Emphasize the highest data point on the curve 
6.3.3. LAB MEDIA: Figure 2B. Video Editor: Emphasize the data points on the curve successively, moving from higher to lower pH
6.3.4. LAB MEDIA: Figure 2B. Video Editor: Emphasize the black curve.

6.4. When measuring oxidative events within macropinosomes [1], the ratio of H2DCFDA to TMR will become progressively larger [2] and will likely plateau within the first 20 to 30 minutes in inactivated Raw264.7 cells [3].
6.4.1. LAB MEDIA: Figure 3C.
6.4.2. LAB MEDIA: Figure 3C. Video Editor: Emphasize the upward black line connecting the first and second data points (~15-30 minutes)
6.4.3. LAB MEDIA: Figure 3C. Video Editor: Emphasize the black line connecting the second and third data points (30-45 minutes)

6.5. When measuring macropinosomal protein digestion [1], a progressively strong fluorescent signal will be liberated as the ovalbumin is digested [2]. In Raw264.7 cells, the increase in fluorescence liberated from the digested BODIPY-labeled ovalbumin will plateau within the first 30 minutes [3].
6.5.1. LAB MEDIA: Figure 3D.
6.5.2. LAB MEDIA: Figure 3D. Video Editor: Emphasize the upward black line connecting the first and second data points (~15-30 minutes)
6.5.3. LAB MEDIA: Figure 3D. Video Editor: Emphasize the black line connecting the second and third data points (30-45 minutes)




Conclusion
7. [bookmark: _Hlk27388131]Conclusion Interview Statements

7.1. [bookmark: _Hlk77258886]Liam Wilkinson: With its emerging role in homeostasis and its newly discovered relevance to cancer pathology, a renaissance in macropnocytosis research is currently underway. These methods provide a toolbox for exploring the contribution of macropinocytosis to these diverse fields of study.
7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 
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