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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  N
Can you record movies/images using your own microscope camera? (Y/N) N
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.

2. Does your protocol include 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.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
Steps 2.3 (Hydrogel precursor solution preparation), 3.4 (pipetting cells suspended in PBS to hydrogel precursor solution), 3.5 (pipetting hydrogel precursor solution into plate), 3.7 (adding media to plate), 4.3 (adding Alamar Blue), 4.4 (doing 24 h read with the plate reader).
4. 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.)
Pipetting hydrogel precursor solution into the center of wells, visual inspection of centered hydrogels ensures success. Step 3.5.
5. Will the filming need to take place in multiple locations? (Y/N) N. Two different floors of the same building.
If yes, how far apart are the locations? 


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements: (Said by you on camera)

1.1. Jennifer Leight: 3D culture makes it difficult to measure cell function using standard biological assays. This protocol enables measurement of cellular enzymatic activity without further sample processing using a fluorescent sensor and a standard microplate reader [1].  

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.2. Jennifer Leight: This protocol enables a number of new applications such as high throughput drug screening. Additionally, the fluorescent sensor can easily be exchanged with a different sensor to measure other proteases or cell functions [1]. 

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

OPTIONAL Interview Statements: (Said by you on camera) 

1.3. Abdulaziz Fakhouri: It is important to carefully plan out the experiment in advance, complete all calculations for the hydrogel preparation, and set up all equipment and reagents to minimize the time cells are in suspension [1]. 

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.



Section - Protocol
2. Assay Media and Hydrogel Preparation
2.1. To begin, prepare the assay media with one percent charcoal stripped fetal bovine serum, 2-millimolar L-glutamine, 10 units per milliliter of penicillin and 10 micrograms per milliliter of streptomycin. Do not use phenol red media which has more fluorescence interference [1-TXT].
2.1.1. CU: Talent adds all the reagents to a tube. TEXT: Avoid reagents with absorbance/ fluorescence emission peaks of 494 nm/521 nm or 560 nm/ 590 nm
2.2. To make positive controls, add bacterial collagenase (pronounced: “col·​la·​ge·​nase”) enzyme type I to the assay media at the concentration of 10 and 1000 micrograms per milliliter [1].
2.2.1. CU: Talent adds the enzyme to the assay media at 10 g/ml.
2.3. Next, prepare the hydrogel precursor solution, by adding the reagents to a 1.5 milliliter tube. Make sure to vortex after addition of each component [1-TXT]. Then, divide the solution into multiple 1.5-milliliter tubes for different conditions [2]. 
2.3.1. CU: Talent adds few reagents to a 1.5 ml tube. Talent puts the tube on a vortex mixer after addition of each reagent. TEXT: 20 mM 8 arm 40 kDa PEG-NB, 12.75 mM crosslinker MMP-degradable peptide, 17.8 mM NaOH, 1 mM CRGDS, 2 mM LAP, 0.25 mM fluorogenic MMP-degradable peptide Video editor: Please show text overlay when VO says: “adding the reagents to a 1.5 milliliter tube”
2.3.2. CU: Talent divides the hydrogel precursor solution into multiple 1.5 ml tubes.
3. Encapsulate Cells in Hydrogels 
3.1. To encapsulate cells in hydrogels, first, prepare a single cell suspension by washing a 10-centimeter dish of A375 (pronounced: “a·​3·7·5”) melanoma cells with 10 milliliters of PBS [1].
3.1.1. CU: Talent washes the cells with 10 ml of PBS. 
3.2. Then, add 0.05 percent trypsin to the dish to trypsinize (pronounced: “tryp·​sin·​ize”) cells [1], and incubate the dish at 37 degrees Celsius and 5 percent carbon dioxide incubator for 3 minutes [2]. After incubation, count cells with a hemocytometer (pronounced: “he·​mo·​cy·​tom·​e·​ter”) [3]. 
3.2.1. CU: Talent adds trypsin to the dish.
3.2.2. MED: Talent transfers the dish to an incubator. Show a timer set to count down from 3 minutes in the shot.
3.2.3. CU: Talent does few actions to count cells with a hemocytometer. 
3.3. Next, centrifuge the cell solution at 314 times gravity for 3 minutes [1]. Aspirate the culture media… and re-suspend cells in PBS buffer, at approximately three times the final encapsulated density [2]. Count the cells again to ensure an accurate cell concentration [3].
3.3.1. MED: Talent transfers the cell solution to a centrifuge. Show a timer set to count down from 3 minutes in the shot.
3.3.2. CU: Talent pipettes off the culture media, and adds PBS.
3.3.3. CU: Talent does few actions to count cells with a hemocytometer.
3.4. Then, add suspended cells in PBS to each tube of the hydrogel precursor solution, according to the required seeding density and mix by pipetting up and down [1-TXT]. For control conditions, only add PBS and vortex.
3.4.1. CU: Talent adds suspended cells and PBS to each tube of the hydrogel precursor solution. TEXT: 0, 0.25, 0.5, 1, 2, 3, 4, 5, 6, and 7 x 106 cells/mL Video editor: Please show text overlay when VO says: “according to the required seeding density”.
3.5. Next, pipette 10 microliters of the hydrogel precursor solution, into the middle of each well of a sterile black round bottom 96-well plate [1]. Visually inspect the placement of the hydrogels within the wells. Non-centered hydrogels can be repositioned using a pipet tip before polymerization [2].
3.5.1. ECU: Talent adds the hydrogel precursor solution into the middle of few wells of the black round bottom 96-well plate.
3.5.2. ECU: Talent tilts the plate to visually check hydrogel precursor solution centering and uses pipet tip to center hydrogel precursor solution.
3.6. To polymerize the hydrogel precursor solution, expose the plate to UV radiation at 4 milliwatts per square centimeter… for 3 minutes [1-TXT].
3.6.1. MED: Talent puts the plate under UV. Show a timer set to count down from 3 minutes in the shot. TEXT: Use long UV wavelength and short exposure time to ensure cellular viability Video editor: Please show text overlay when VO says: “expose the plate to UV radiation”.
3.7. Next, add 150 microliters of the assay media to all wells containing encapsulated cells, and 150 microliters of the collagenase enzyme solution to the wells of positive controls [1-TXT]. Add 150 microliters of PBS buffer to the outer wells of the plate… to reduce evaporation during incubation [2].
3.7.1. CU: Talent adds 150l of the assay media to few wells, and adds 150l of the collagenase enzyme to few wells designated for positive controls. TEXT: Avoid reagents with absorbance/ fluorescence emission peaks of 494 nm/521 nm or 560 nm/ 590 nm Video editor: Please show text overlay when VO says: “assay media”.
3.7.2. CU: Talent adds 150 l of PBS buffer to few outer wells of the plate.
4. Data Acquisition and Metabolic Activity Measurement 
4.1.1. Use a microplate reader to measure the fluorescence intensity of the plate at zero-hour, immediately post-encapsulation [1]. Select the opaque 96-well plate protocol with 494 nm excitation and 521 nm emission wavelengths [2]. [Author note]: The order of steps was changed while video shooting for the convenience of the shooting location as the following: 4.3.1, 4.2.1, 4.3.2, 4.1.1, 4.4.1. Order of steps in the script stays the same.  
4.1.2. MED: Talent loads the plate in the loading tray. 
4.1.3. SCREEN: Show the 96-well plate protocol and select the 494 nm excitation and 521 nm emission wavelengths.
4.2. Next, incubate the plate in 37 degrees Celsius in 5 percent carbon dioxide incubator for 18 hours.
4.2.1. MED: Talent transfers the plate to an incubator. 
4.3. Then, add metabolic activity reagent at a 1-to-10 volume-to-volume ratio per well for all conditions and controls [1-TXT], and incubate the plate in 37 degrees Celsius in 5 percent carbon dioxide incubator for 6 hours [2-TXT].
4.3.1. CU: Talent adds the reagent to few wells. TEXT: Resazurin dye Video editor: Please show text overlay when VO says: “metabolic activity reagent”.
4.3.2. MED: Talent transfers the plate to an incubator. TEXT: Incubation period depends on cell type Video editor: Please show text overlay when VO says: “for 6 hours”.
4.4. Finally, measure the fluorescence intensity of the plate at 24-hour post-encapsulation [1]. Select the opaque 96-well plate protocol with 494 nm excitation and 521 nm emission wavelengths for MMP activity [2-TXT]. To measure the metabolic activity, select 560 nm excitation and 590 nm emission wavelengths [3-TXT].
4.4.1. MED: Talent loads the plate in the loading tray.
4.4.2. [bookmark: _GoBack]SCREEN: Show the 96-well plate protocol and select the 494 nm excitation and 521 nm emission wavelengths. TEXT: Matrix metalloproteinase MMP activity Video editor: Please show text overlay when VO says: “494 nm”. Then select the 560 nm excitation and 590 nm emission wavelengths. TEXT: Metabolic activity Video editor: Please show text overlay when VO says: “560 nm”.

Section – Results
5. Results: Measuring MMP and Metabolic Activities of Cells Cultured in 3D Fluorogenic Hydrogels 
5.1. In this study, upon exposure of the fluorogenic sensor to the appropriate protease, the quencher and fluorophore are separated, and fluorescence increases [1].
5.1.1. LM: Figure 1. Video editor: Please emphasize the unbroken curved black line with circles when VO says: “the fluorogenic sensor”, and “MMP” and the arrow when VO says:” to the appropriate protease”. Also, please emphasize the smaller black curved line with orange circle, when VO says: “the quencher”, and emphasize the smaller black curved line with green circle, when VO says:” and fluorophore are separated, and fluorescence increases”.
5.2. Fluorescence measurements of the incubated hydrogels with bacterial collagenase enzyme type I, showed that the lowest detected signal was produced by negative controls with no collagenase, while the highest detected signal was produced by 1000 microgram per milliliter of collagenase or above, where the signal begins to plateau [1].
5.2.1. LM: Figure 3. Video editor: Please emphasize the bottom gray dotted line, when VO says: “the lowest detected signal was produced” and the first symbol (on the y-axis) when VO says: “by negative controls with no collagenase” Also, please emphasize the top gray dotted line, when VO says: “the highest detected signal was produced” and the last three symbols” when VO says: “by 1000 microgram per milliliter of collagenase or above, where the signal begins to plateau”. 
5.3. The calculated working range was from approximately 0.16 to 474 micrograms per milliliter of collagenase [1]. 
5.3.1. LM: Figure 3. Video editor: Please emphasize the “Working Range” area between the black dotted lines.
5.4. Fluorescence readings for A375 melanoma cell line encapsulated in a range of densities right after encapsulation were low across seeding densities and similar to control gels without cells, as expected [1].
5.4.1.  LM: Figure 4A.
5.5. After 24-hour of encapsulation, MMP activity was directly proportional to the seeding density [1], and seeding densities at or greater than one-million cells per milliliter fall within the limits of the working range [2].
5.5.1. LM: Figure 4B. 
5.5.2. LM: Figure 4B. Video editor: Please emphasize data greater than 1x106 when VO says: “at or greater than one-million cells per milliliter”, and emphasize the area between WR dotted lines, when VO says:” fall within the limits of the working range”. 
5.6. Metabolic activity measurements of the A375 cell line were also directly proportional to the cell seeding density [1].
5.6.1. LM: Figure 4C.
5.7. By normalizing MMP activity to metabolic activity, there was no significant difference in MMP activity per cell at seeding densities greater than two-million cells per milliliter [1].
5.7.1. LM: Figure 4D. Video editor: Please emphasize data greater than 2x106 when VO says: “greater than two-million cells per milliliter”.


Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera)
6.1. Abdulaziz Fakhouri: (Step: 3.5) Proper pipetting techniques is important. This includes pre-wetting pipet tips to achieve accurate volumes of viscous solutions. Also, centering hydrogel precursor solution within the well is critical to achieve accurate measurements by the plate reader [1].

6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
6.2. Abdulaziz Fakhouri: To identify specific MMPs that contribute to the MMP activity measured here, expression assays such as western blot or PCR could be used [1]. 

6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 
6.3. Abdulaziz Fakhouri: The use of live cells requires proper biosafety procedures, aseptic technique, and a biological safety cabinet. The UV light is hazardous, use a shield to protect the user and do not look directly into the light [1]. 

6.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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