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Questionnaire:
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)_____N 
B.   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.) ___________________________________________
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.) ____reproducible collagen alignment in the microchannels________________
E.  Will the filming need to take place in multiple locations? (Y/N) ____N 

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. Experimental Goal (read by voice talent at JoVE): 

The overall goal of this procedure is to generate aligned and random 3D collagen matrices for the purpose of observing cell migration or other cellular processes in the context of a 3D environment. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)   
1.1. Patricia Keely: This method can help answer key questions in the 3D cell migration field, such as the role of the extracellular matrix in 3D cell migration and the mechanisms of cell migration in three dimensions. 
1.2. Patricia Keely: The main advantage of this technique is that you can observe and manipulate cells in the 3D environment in which they reside, you can influence the organization of these environment, and you can do this cost effectively with a minimal amount of specialized lab equipment. 

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)   
1.3. Patricia Keely: Generally, individuals new to this method will struggle because they don’t mix the collagen solution and neutralization buffer well enough, and they draw the collagen through the channels inconsistently. 
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
** Patricia Keely: Demonstrating the procedure will be Brian Burkel, a senior scientist from my laboratory. 
1.3.1. Interview style: Author saying the above 
1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera. 



Protocol (read by voice talent at JoVE): 
 
2. Gelation of Collagen Solutions 
2.1. To begin, thoroughly mix [2.1.1 - MED] the collagen and Hepes buffer prior to adding cells and media to ensure proper neutralization of the collagen.  [2.1.2 - CU - TXT]
2.1.1. Talent at bench/hood opens collagen/Hepes containers. 
2.1.2. Talent mixes the two components. (TEXT: Caution: Poor mixing results in poor gel integrity)
2.2. Then, add cells and media to the neutralized collagen mixture and place it on ice as described in the accompanying text protocol.  [2.2.1 - MED]
2.2.1. *Film as written. (TEXT: See accompanying text protocol for additional details)
2.3. Pipet the ice-cold mixture into a sterile non-tissue culture treated surface to minimize the attachment and growth of cells outside of the collagen gel. [2.3.1 - MED] Use a pipette tip to evenly spread out the solution.[2.3.2 - CU]
2.3.1. *Film as written
2.3.2. *Film as written
2.4. Allow the gel to polymerize at room temperature for approximately 10 to 15 minutes.  [2.4.1 - MED]
2.4.1. Talent set a timer.
2.5. Next, cover the gels [2.5.1 - CU] and move them to a 37˚C incubator for an additional 45 to 60 minutes to finish polymerization. [2.5.2 - MED - TXT] Upon polymerization, the gel will turn opaque. [2.5.3 - CU][2.5.4 - CU]
2.5.1. *Film as written 
2.5.2. *Film as written (TEXT: 37˚C, 45-60 min.)
2.5.3. Closeup of gel a short time after being created (not polymerized).
2.5.4. Closeup of polymerized gel. (Video Editor: Show 2.5.3 and 2.5.4 side by side to compare the two gels.  Label the 2.5.3 side as “Before Incubation” and the 2.5.4 side as “After Incubation”.)
2.6. Once polymerized, add 2-3 ml of media.  [2.6.1 - CU] Then, release the gels from the sides of the well by running a p-200 pipet tip around the perimeter of the well. [2.6.2 - CU] Swirl the dish gently to release the gel from the bottom surface.  [2.6.3 - CU]
2.6.1. *Film as written 
2.6.2. *Film as written 
2.6.3. *Film as written 
3. Generation of PDMS Microchannels for Collagen Fiber Alignment  
3.1. In order to create PDMS microchannels for aligning collagen matrices, first prepare an SU-8 silicon master using standard soft lithography techniques described elsewhere. [3.1.1 - MED Over the Shoulder - TXT]
3.1.1. Talent at bench, opens container with the SU-8 master. (TEXT:  Sung, K. E. et al. Biomaterials 30, 4833-4841 (2009)) 
3.2. Next, use a craft stick to thoroughly mix 20 g of elastomer base with 2 g of curing agent in a disposable cup. [3.2.1 - MED]
3.2.1. Talent mixes the components together using a craft stick.
3.3. Once well mixed, de-gas the PDMS mixture by placing the disposable cup in a vacuum chamber under a vacuum pressure of 550 mm of mercury. [3.3.1 - MED - TXT] De-gas the mixture for approximately 1 to 1½  hours. [3.3.2 - MED]
3.3.1. Talent places the sample in the vacuum chamber. (TEXT: 550 mm Hg, 1-1.5 hrs.)
3.3.2. Talent sets a timer and places it next to the chamber.
3.4. While de-gassing the PDMS, prepare the silicone master by placing a clean sheet of transparency film onto a hotplate followed by the silicone master. [3.4.1 - CU] Ensure that the microchannel mold faces up.   [3.4.2 - ECU]
3.4.1. *Film as written 
3.4.2. Talent slightly lifts the mold and rocks it back and forth to show texture on its surface.
3.5. After 1 to 1½  hours, remove the de-gassed PDMS from the vacuum chamber.  [3.5.1 - MED] Slowly pour the PDMS into the center of the master, and allow gravity to spread it evenly.  [3.5.2 - CU - TXT]
3.5.1. *Film as written 
3.5.2.  *Film as written (TEXT: Important: Avoid air bubbles!)
3.6. Next, carefully roll a second sheet of transparency film on top of the silicone master and PDMS to avoid air bubbles.  [3.6.1 - CU]
3.6.1. *Film as written 
3.7. Gently place a rubber sheet on top of the transparency, followed by a 1/8 inch sheet of acrylic. [3.7.1 - CU] Then, add the first of three 10 lb weights on top of the acrylic sheet.  [3.7.2 - MED]
3.7.1. *Film as written 
3.7.2. *Film as written 
3.8. Initially, the first weight will “float”.  Allow it to settle and stabilize before proceeding with the two remaining weight plates. [3.8.1 - MED] When ready to continue, set a hotplate to 70˚C and cure the PDMS for 4 hours.[3.8.2 - MED - TXT]
3.8.1. [combined with 3.7.2] Talent lightly rocks the weight to show the “floating” condition.
3.8.2. Talent sets the PDMS onto the hot plate. (TEXT: 70˚C, 4 hrs)
3.9. Once cured, allow the PDMS to cool for a minimum of 1 additional hour [3.9.1 - MED] and then carefully peel the top transparency film from the wafer. [3.9.2 - CU] Finally, remove the channels with a forceps. [3.9.3 - CU]
3.9.1. Talent removes PDMS from the hot plate. Use the last take
3.9.2. *Film as written 
3.9.3. *Film as written 
4. Preparation of the PDMS Microchannels and Collagen Pre-coating 
4.1. Place the channels upside down on a new, clean transparency film [4.1.1 - CU] and clean all of the ports using a circular motion with sharp forceps.  Remove any fragments of PDMS that come loose.[4.1.2 - CU]
4.1.1. *Film as written 
4.1.2. *Film as written 
4.2. Next, place a piece of packing tape to the bench, sticky side up, and set the PDMS, channel side down on top of the tape.  Press down on channels with the round end of a pair of forceps to ensure good contact. [4.2.1 - CU]
4.2.1. *Film as written 
4.3. Remove the channels and repeat this process on both sides until all of the visible debris has been removed.[4.3.1 - CU]
4.3.1. Talent repeats the process on the other side of the channels.
4.4. Then, transfer the cleaned, prepped PDMS channels into a 50 ml conical tube filled with 70% ethanol. [4.4.1 - CU] Vortex the channels at maximum speed for 30 seconds [4.4.2 - MED] and then replace the solution with fresh 70% ethanol.   [4.4.3 - CU]
4.4.1. *Film as written 
4.4.2. *Film as written 
4.4.3. *Film as written Use Take 2
4.5. Using aseptic techniques, transfer the PDMS, channel side up, to a clean and sterile dish. [4.5.1 - CU] Then, UV-treat the channels until the ethanol has evaporated.  [4.5.2 - MED]
4.5.1. *Film as written 
4.5.2. Talent places the samples under UV light.
4.6. Once dry, flip the channels over onto a cover slip or glass bottom dish and press them down onto the glass to make a good seal.  [4.6.1 - CU] Add a patch of sterile PDMS to cover and close the center port of the channels and allow the setup to dry thoroughly before proceeding.[4.6.2 - CU]
4.6.1. *Film as written 
4.6.2. *Film as written 
4.7. Next, place a 100 μl droplet of a 10 μg/ml collagen solution on the top of a channel, [4.7.1 - CU] and draw it through the channel using a vacuum. [4.7.2 - CU] Incubate the channels at 37˚C for 1 hour [4.7.3 - MED - TXT] and then transfer the channels, still filled with collagen, into a refrigerator.  [4.7.4 - MED]
4.7.1. *Film as written 
4.7.2.  *Film as written 
4.7.3.  *Film as written (TEXT: 37˚C, 1 hr)
4.7.4. *Film as written 
4.8. Chill the setup for approximately 15 to 30 minutes [4.8.1 - MED] and then use an aspirator or pipette to remove the collagen coating solution from the channels. [4.8.2 - CU]
4.8.1. Talent removes the setup from the refrigerator and brings to the hood. (Add TXT note to video stating that the dish should remain on ice, for viewing it was placed on the surface of the hood.)
4.8.2. *Film as written 
5. Pouring Collagen Microchannels.
5.1. Begin by neutralizing the collagen solution, diluting it with cell media, and incubating it on ice for 15 minutes.  [5.1.1 - MED Over the Shoulder]
5.1.1. Talent mixes the collagen solution and places it on ice.
5.2. Then, place 120 to 150 microliters of the collagen solution into port A of a pre-chilled channel. [5.2.1 - CU - LM] Next, attach a 25 ml pipet to a vacuum line and place it over port C.  Use it to draw in the mixture through in a single uniform motion, stopping once the collagen reaches the end. [5.2.2 - CU - TXT]
5.2.1. *Film as written: Figure 2b (Video Editor: Show the portion of Figure 2b shown here as an insert to describe Ports A,B, &C. [image: ] )
5.2.2. *Film as written (TEXT: Vacuum: 10 mmHg, wide channels; 60 mmHg,  narrow channels)
5.3. Suzanne Ponik: “The single most important step to generating randomly aligned matrices is to slowly draw the collagen through the channel.  If it is drawn through too rapidly, it could result in increased alignment in the channel.” [5.3.1 - INT]
5.3.1. Author saying the above statement interview style. 
5.4. Carefully remove any excess solution from the port regions [5.4.1 - CU] and then place sterile PDMS patches over both ports A and C.   [5.4.2 - CU]
5.4.1. *Film as written 
5.4.2. *Film as written 
5.5. After 2 to 3 minutes, remove the center PDMS patch covering port B and add 2-3 microliters of cells at a concentration of 1 to 3 million cells per milliliter, into the center port.   [5.5.1 - CU]
5.5.1. *Film as written 
5.6. Allow the gel time to partially polymerize at room temperature for another 10 to 15 minutes and then transfer the construct to a 37˚C incubator for an additional 15 to 30 minutes. [5.6.1 - MED - TXT]
5.6.1. Talent transfers the sample to the incubator. (TEXT: RT, 10-15 min.; 37˚C, 15-30 min.)
5.6.2. [added] which can be cut with 5.6.1 or be an alternative take
5.7. Once polymerized, [5.7.1 - MED] remove the PDMS port covers and add media to completely cover the channel. [5.7.2 - CU]
5.7.1. Talent removes the sample from the incubator and places in the hood.
5.7.2. *Film as written Take 2 best
[bookmark: _GoBack]
6. Results: Cell Contractility and Fiber Alignment in Collagen Gels 
Authors: Please provide a version of all of the images used in this section without additional annotations such as “a)”, arrows, or “2 mg/ml” as this information will be added by the video editor where and when needed.
6.1. Here, 50,000 4T1 cells were embedded in either a 2 mg/ml or a 3.5 mg/ml collagen gel for 5 days.  [6.1.1 - LM]
6.1.1. Figures 1a and 1b (Video Editor: Add a label of “Compaction after 5 days in culture” over the images.  Label Figure 1a “3.5 mg/ml Collagen” and Figure 1b “2 mg/ml Collagen”. with the 2nd sentence highlight Figure 1a and add “~10%” below the image.)
6.2. The 4T1 cell line is a highly contractile, metastatic cancer line, but is only able to contract the high density gel by approximately 10%. Comparable low density gels are contracted 57% during the same time frame.  [6.2.1 - LM]
6.2.1. Figures 1a and 1b (Video Editor: Label as in 6.1.1.  With the 1st sentence highlight Figure 1a and add “~10%” below the image. With the 2nd sentence highlight Figure 1b and add “~57%” below the image.)
6.3. The degree of collagen alignment is modulated by the rate of collagen flow such that higher collagen flow rates yield better alignment. [6.3.1 - LM] The use of narrower channels coupled with higher vacuum pressures enhances the alignment of the collagen network [6.3.2 - LM], while a wider channel used in conjunction with low vacuum pressures generates random matrices. [6.3.3 - LM]
6.3.1. Figures 2c and 2d (Video Editor: Add a label of “Random” to Figure 2c and “Aligned” to Figure 2d. Also, add an arrow pointing down (same as the one on the left of the figure) and add the words “Flow Direction” next to the arrow.)
6.3.2. Figures 2c and 2d (Video Editor: Keep labels as in 6.3.1. Highlight Figure 2d)
6.3.3. Figures 2c and 2d (Video Editor: Keep labels as in 6.3.1. Highlight Figure 2c) 

7. Conclusion (said by authors on camera) 

7.1. Suzanne Ponik: Once mastered, pouring collagen gels or channels can be done in 2 ½ hours if it is performed properly.
7.2. Suzanne Ponik: While attempting this procedure, it’s important to remember to set up components prior to starting because once you begin working with the collagen you need to work quickly.
7.3. Suzanne Ponik: After its development, this technique paved the way for researchers in the field of 3D cell biology to explore cell adhesion, migration, and invasion of cells into a 3-D extracellular environment.
7.4. Suzanne Ponik: After watching this video, you should have a good understanding of how to pour collagen gels of varying densities, and how to generate both random and aligned collagen matrices. 
   

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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