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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? Yes, high throughput automated microscopy
Can you record movies/images using your own microscope camera? YES

2. Does your protocol include software usage? No

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.)

The most important steps:
2.1. Touch pin printing of MEMA arrays.
3.2-3.3. Creation of ligand plates.
4.3- cell plating into MEMA
4.5 ligand treatment
5.1 Fixation (staining steps will look pretty much identical to the fixation/washing step)
5.8 Imaging step

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.)
The most difficult aspect may be the creation of and treatment with the ligand plates (3.2-3.3 and 4.5). Also, several of the steps are most effective if two workers do them together (e.g. 4.3), which would be good to show.

5. Will the filming need to take place in multiple locations? YES
If yes, how far apart are the locations?
All located on same floor, close to one another



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

1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.


1.1. James Korkola: Studying the tumor microenvironment is difficult due to its complexity. We have developed MicroEnvironment MicroArrays consisting of simple combinatorial microenvironments that allow the identification of major drivers of tumor cell phenotypes [1]. 
1.1.1. INTERVIEW

1.2. James Korkola: The major advantage of the MEMA platform is that because the microenvironment conditions are all defined, it is straightforward to identify microenvironment factors that drive phenotypes of interest [1].
1.2.1. INTERVIEW


OPTIONAL Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.


1.3. Kaylyn Devlin: The MEMA platform is widely applicable to other non-cancer systems, including primary cell strains and stem cells [1].
1.3.1. INTERVIEW


1.4. Rebecca Smith: There are a number of engineering tricks and steps that we have identified that speed the wet bench steps and simplify the protocol [1].
1.4.1. INTERVIEW







Section - Protocol
Videographer comment: Please note that as the touch pin printer was not working I filmed a variety of shots of it open, to show pins.

[bookmark: _GoBack]You may want to ask client to provide their own video clips of this sequence. They seemed willing to do this.
2. Printing Microenvironment Microarrays (MEMAs) Using an Array Printing Robot
2.1. To begin, use a touch pin printer to print EPM (pronounce as extracellular matrix print mixture) and fiducial spots into 8-well plates [1-TXT].
2.1.1. MED: Shot of the printer printing with the plates in view. TEXT: Print multiple replicates of each extracellular matrix (ECM) condition.
2.2. Use 350 micrometer diameter pins arranged in a 4 times 7 print head configuration [1] to print the extracellular matrix for the microenvironment microarrays. The collagen block is printed onto MEMA (pronounce as /ˈmemas/) as a grid [2-LM]. The PBS filled wells provide extra humidity to prevent drying out of the EPM (pronounce as extracellular matrix print mixture) source plate [3-LM].
2.2.1. CU: Close up of the pins.
2.2.2. Figure 2- Video editor: Emphasize the yellow dots.
2.2.3. Figure 2- Video editor: Emphasize the blue dots.
2.3. Print the arrays in the 8-well plates as 20 columns by 35 rows, for a total of approximately 700 spots [1]. After printing, store plates in a desiccator for a minimum of 3 days prior to use [2].
2.3.1. CU: Close up of the plates with 700 spots. Videographer comment: as it was very hard to see the spots I filmed a lot of footage, WA and CU, turning plates to get best visibility of spots.
2.3.2. MED: Talent places plates in desiccator.
3. Creation of Ligand Treatment Plates
3.1. First, design a 96-well plate layout with spacing that allows for the use of a multi-channel pipet with 4 spaced tips [1-LM], so that the treatment of many MEMA plates can be done at once [2].
3.1.1. [Ligand Plate Figure] - Video editor: The figure is in pptx format. Use A&B, and emphasize the tips and the 1,4,7,10 columns and then the tips and the 2,5,8,11 columns.
3.1.2. CU: Shot of the plate. Talent places multi-channel pipet into the wells to show it fits.
3.2. Then, retrieve the ligands from the freezer and thaw on ice in a laminar flow hood [1-TXT]. Briefly flick and spin down each tube [2]. Use manufacturer’s recommended buffer to dilute the ligands to a 200-times working stock [3].
3.2.1. MED: Talent takes the ligands out from the freezer and put on ice. TEXT: See manuscript for the full set of ligands.
3.2.2. CU: Talent flicks and spins tube.
3.2.3. MED: Talent dilutes ligands.
3.3. Pipet 10 microliters of each 200 times ligand stock into the corresponding well within the 96-well plate [1]. Use sealing film to seal the plates and store them at -20 degrees Celsius [2]. Make ligand treatment plates in batches [3], and capture all metadata for downstream analysis [4].
3.3.1. CU: Talent adds stock solution into well. Close up of the pipet tip and well.
3.3.2. MED: Talent seals the plates and puts it in freezer. Videographer comment: filmed in two parts, 3.3.2A and 3.3.2B
3.3.3. MED: Shot of the plates in freezer in batches.
3.3.4. MED: Talent records meta data in online database.
4. Culturing Cells on MEMAs
Videographer comment: 4.1.1-4.1.3 - filmed in one go
4.1. Before culturing cells, block the MEMAs (pronounce as /ˈmemas/) with 2 milliliters per well of non-fouling blocking buffer for 20 minutes [1-TXT]. Use a Y-splitter with two Pasteur pipettes to aspirate blocking buffer in multiple wells at once [2], and then triple wash the wells with PBS [3]. To prevent desiccation, leave the final volume of PBS in the wells until ready for cell plating [4].
4.1.1. MED: Talent adds buffer to wells. TEXT: See manuscript for blocking buffer preparation. Author comment: Added shot 4.1.1 PT. Talent starts timer (addition of buffer and starting timer were done in separate shots as noted by videographer) 
4.1.2. CU: Talent aspirates buffer. Close up of the well and pipet tips.
4.1.3. MED: Talent rinses wells.
4.1.4. CU: Shot of the wells with PBS left in them.
4.2. Prior to a full MEMA experiment, optimize MCF7 (pronounce as M-C-F-7) cell seeding concentration by performing a cell titration experiment [1-TXT]. An overly confluent spot will form at the end if cell seeding density is not optimized [2-LM].
4.2.1. MED: Talent shows the tube containing MCF7 cells. 
4.2.2. Figure provided by author. Video editor: Put a cross on the screen.
4.3. In the MEMA, aspirate the remaining PBS and seed MCF7 cells at 30,000 to 35,000 cells per well in 2 milliliters of seeding medium [1]. Place the MEMA in an incubator at 37 degrees Celsius [2].
4.3.1. CU: Talent aspirates PBS and adds cells and medium solution into wells. TEXT: seeding medium: DMEM with 10% FBS; DMEM: Dulbecco’s modified Eagle’s medium; FBS: fetal bovine serum
4.3.2. MED: Talent places the MEMA into incubator.
4.4. After adhesion overnight in the incubator, aspirate the medium [1] and replace with 2 milliliters of reduced-growth medium to isolate the stimulatory impact of specific ligands [2-TXT]. 
4.4.1. MED: Talent aspirates medium.
4.4.2. CU: Talents adds medium into wells. TEXT: reduced-growth medium: DMEM with 0.1% FBS
4.5. Then, thaw a previously frozen ligand treatment plate on ice [1]. Centrifuge thawed plate at 200 times g for 1 minute [2]. Transfer 200 microliters of medium from each well in the MEMA culture plate to the appropriate well in the ligand treatment plate [3].
4.5.1. MED: Shot of the plate on ice.
4.5.2. MED: Talent puts the plate in centrifuge.
4.5.3. MED: Talent transfers medium. Videographer comment: 4.5.3 and 4.6.1 filmed together
4.6. Pipet up and down to mix the ligand with medium [1] and transfer this mixture back to the appropriate well in the MEMA culture plate [2]. Lightly rock by hand and return the MEMA plates to the incubator to culture the ligand ECM (pronounce as E-C-M) combination at 37 degrees Celsius and 5% carbon dioxide. [3]. 
4.6.1. CU: Talent pipets up and down to mix. Close up of the pipet tip and the solution.
4.6.2. MED: Talent transfers mixture.
4.6.3. MED: Talent rocks the plate and puts it into incubator.
4.7. After 71 hours, add 100 times EdU (pronounce as E-D-U) to the MEMA wells for a final concentration of 10 micromolar [1-TXT]. Incubate it for another 1 hour at 37 degrees Celsius and 5% carbon dioxide [2].
4.7.1. MED: Talent takes out the MEMA plate and adds in solution. TEXT: EdU: 5-ethynyl-2’-deoxyuridine
4.7.2. MED: Talent puts the plate back into incubator.
5. Fixing, Staining and Imaging MEMAs
Videographer comment: Section 5 - there are many sequences of aspiration/addition of liquid and repeated. These processes were done by Rebecca and Kaylyn sitting alongside each other, passing well plate back and forth. So individual shots in each script section (eg. 5.4) were mostly filmed together in a single take, with varied framing to help editing.
5.1. After the final incubation, aspirate the wells [1]. Fix MEMAs in 2 milliliters per well of 2% PFA (pronounce as P-F-A) for 15 minutes at room temperature [2-TXT].
5.1.1. MED: Talent aspirates wells of the MEMA plate.
5.1.2. MED: Talent adds solution into well. TEXT: PFA: paraformaldehyde
5.2. Then, aspirate the PFA from the wells [1]. Permeabilize with 2 milliliters per well of 0.1% nonionic surfactant for 15 minutes [2-TXT]. Aspirate the surfactant and then wash the wells with 2 milliliters of PBS and PBS-T (pronounce as P-B-S-T) sequentially [3-TXT]. 
5.2.1. CU: Talent aspirates PFA.
5.2.2. CU: Talent adds nonionic surfactant into wells. TEXT: nonionic surfactant
5.2.3. CU: Talent adds PBS and PBS-T. TEXT: PBS; PBS-T: PBS with 0.05% polysorbate 20
5.3. After that, add 1.5 milliliters of EdU detection reaction reagents to each well [1-TXT]. Incubate for 1 hour at room temperature, rocking and protected from light [2]. Then, quench reaction with 1.5 milliliter commercial quench buffer per well [3-TXT]. 
5.3.1. CU: Talent adds reagents to wells. TEXT: EdU detection solution
5.3.2. MED: Talent puts plate onto rocker and covers with foil.
5.3.3. MED: Talent adds buffer. TEXT: quench buffer
5.4. Aspirate again [1] and wash with PBS-T prior to incubating with optimized concentrations of stains or antibodies [2-TXT].
5.4.1. CU: Talent aspirates buffer.
5.4.2. CU: Talent adds PBS-T. TEXT: PBS-T
5.5. Incubate MEMA wells with primary antibodies in staining buffer [1-TXT] rocking at 4 degrees Celsius overnight [2]. 
5.5.1. MED: Talent adds solution into wells. TEXT: primary antibodies: histone H3K9me3 (1:1000) and fibrillarin (1:400); staining buffer: 2% (w/v) BSA (bovine serum albumin), 1 mM MgCl2, 0.02% NaN3
5.5.2. MED: Talent puts plate onto rocker in cold room.
5.6. Following primary antibody incubation, wash wells with PBS followed by PBS-T [1]. Add secondary antibodies and 0.5 micrograms per milliliter DAPI (pronounce as dapi, one word) diluted in staining buffer [2-TXT]. Incubate rocking for 1 hour at room temperature in the dark [3].
5.6.1. CU: Talent washes plate with PBS and PBS-T
5.6.2. CU: Talent adds solution into wells. TEXT: secondary antibodies: donkey anti-mouse IgG (1:300) and donkey anti-rabbit IgG (1:300); DAPI: 4′ 6‐diamidino‐2‐phenylindole
5.6.3. MED: Talent puts plate on rocker and covers with foil.
5.7. Wash wells 2 times with 2 milliliters per well of PBS, and leave them in the final 2 milliliters of PBS [1].
5.7.1. CU: Shot of the wells after the wash with PBS left in them.
5.8. To image stained MEMA, place it on the microscope stage of an automated imaging system with appropriate fluorescent detection channels [1]. Output resulting image data to an image management system [2]. Segment cells and calculate intensity levels using CellProfiler [3].
5.8.1. MED: Talent places plate to the imaging system.
5.8.2. SCOPE: Talent observes MEMA plate.
5.8.3. : Talent does segmentation with CellProfiler. Author comment: This was a filmed shot, not a screen shot


Section – Results
6. Results: Cell Cycle Profiles, Cell Number and EdU Incorporation
6.1. In this protocol, cell cycle profiles of binned DAPI intensity values versus cell counts from one 8-well plate [1] indicate cells in G1 [2] versus G2 cell cycle phase [3]. 
6.1.1. Figure 3A
6.1.2. Figure 3A – Video editor: emphasize the peak left to the blue line.
6.1.3. Figure 3A – Video editor: emphasize the peak right to the blue line.
6.2. 2N prior to DNA replication [1] and 4N just prior to mitosis for cells [2] were also observed when treated with a given ligand [3].
6.2.1. Figure 3A – Video editor: emphasize the area left to the blue line.
6.2.2. Figure 3A – Video editor: emphasize the area right to the blue line.
6.2.3. Figure 3A
6.3. The impact of the microenvironment [1] of ligands [2] and ECM [3] on both cell number [4] and EdU incorporation [5] is shown. Red indicates higher cell number, and blue is lower cell number [6].
6.3.1. Figure 3B&C
6.3.2. Figure 3B&C- Video editor: emphasize the text on the horizontal axis.
6.3.3. Figure 3B&C- Video editor: emphasize the text on the vertical axis.
6.3.4. Figure 3B&C- Video editor: emphasize Figure 3B.
6.3.5. Figure 3B&C- Video editor: emphasize Figure 3C.
6.3.6. Figure 3B&C
6.4. Many of the effects are ligand-driven, as the ECM condition did not strongly impact cell number or EdU positivity [1]. Nidogen-1 is a clear exception, as the presence of this ECM molecule inhibits cell binding and growth of MCF7 (pronounce as M-C-F-7) [2]. 
6.4.1. Figure 3B&C
6.4.2. Figure 3B&C- Video editor: emphasize the NID1 (last one) on the vertical axis on both figures. 
6.5. Ligands such as FGF6 and NRG1α (pronounce as neurgulin-1-alpha) enhance cell number and have high rates of EdU incorporation [1], while ligands such as AREG (pronounce as A-R-E-G) and NRG1-smdf (pronounce as neurgulin-1-s-m-d-f) inhibit cell binding and growth of cells [2].
6.5.1. Figure 3B&C- Video editor: emphasize the FGF6 and NRG1 (second) on the horizontal axis on both figures.
6.5.2. Figure 3B&C- Video editor: emphasize the AREG and NRG1 (first) on the horizontal axis on both figures.
6.6. Example of MCF7 cells growing on a MEMA spot treated with NRG1-α [1] shows high rates of EdU incorporation indicated by pink nuclei [2]. In this image, green stain is cell mask and blue is DAPI [3]. 
6.6.1. Figure 3D
6.6.2. Figure 3D- Video editor: emphasize the pink.
6.6.3. Figure 3D



Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

7.1. James Korkola: Since a full MEMA experiment is expensive, it is very important to perform optimization steps such as cell and serum titrations prior to performing the full experiment [1].
7.1.1. INTERVIEW
7.2. James Korkola: Once microenvironmental conditions of interest are identified using the MEMA platform, the specific ligands and ECMs can be studied in more depth using traditional 2-d and 3-d cell culture systems [1].
7.2.1. INTERVIEW
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