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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _____________________________________________
B.   Does your protocol include detailed, step-by-step, descriptions of 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.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps using the step numbers listed in this document. 3.2, 3.6, 4.1, 4.2, 4.3, 4.5
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document. 4.1
E.  Will the filming need to take place in multiple locations? (Y/N) N If yes, how far apart are the locations? ___________________________________________________

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The overall goal of this procedure is to enable a quick, efficient, and inexpensive preparation of polyacrylamide gels in a multiwell plate format. (Intro)

This is accomplished by first sandwiching the gel precursor solution between a hydrophobic coated glass plate and an acrylamide-adhesive flexible plastic support. (P1, use PowerPoint slides 3 and 4. Show the left gray rectangle and pipette on slide 3. Make the blue drop of liquid appear from pipette and move onto rectangle to look like right rectangle with blue oval. Then lower gray rectangle from slide 4 onto rectangle with blue oval to look like image on slide 4.)

The second step is to peel the gel off the glass plate, which has covalently attached to the flexible plastic support upon polymerization, and let it dry. (P2, show PowerPoint slide 4 and raise upper gray rectangle from rectangle with blue oval. Then make blue oval come off the lower rectangle to look like rectangular gel on slide 5.)

Next, the dried gel and the underlying flexible plastic support are cut into desired shapes and glued plastic side down to the well bottoms of a multiwell plate or any other cell culture vessel. (P3, show PowerPoint slide 5 and move hole punch toward gel to show it punching holes in gel. Then make blue circles appear and move away from gel.  Then make plate and tweezers from PowerPoint slide 6 appear and make tweezers pick up one of the blue circles and lower it into one of the wells of the plate.)

The final step is to coat the multiwell plate-assembled polyacrylamide gels with a cell-adhesive coating such as a monolayer of Collagen Type I. (P4, show PowerPoint slide 7. Lower pipette toward plate and make the blue drop appear from the pipette tip and lower toward the first well of the plate.)

Ultimately, microscopy as well as other cell characterization techniques are used to observe the effect of the underlying polyacrylamide substrate, in particular its stiffness, on cell behaviors. (P5, show Figure 4.)

Video Editor: Use 52643_Schematic Graphic.pptx


B.  Interview: (Said by you on camera. Don’t forget to smile!)  

Authors, please assign an author to the first statement prior to filming.  
1.1. Author name _________: The main advantage of this technique over existing methods, like directly cutting thick polyacrylamide gels or sandwiching the gel precursor solution directly in the multiwell plate by a custom coverglass array, is that it enables handling of gels of any thickness and stiffness as well as their assembly in a multiwell plate in a time-efficient and low cost manner not afforded by other methods.   
1.2. **Silviya Zustiak: Demonstrating the procedure will be Sana Syed a graduate student from my laboratory.  
1.2.1. Interview style: Author saying the above 
1.2.2. 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. Preparation of Hydrogel-associated Solutions and Aliquots
2.1. First, prepare the polyacrylamide gel precursor solution by mixing acrylamide, the crosslinker bis-acrylamide, and deionized water (TEXT: See Table 1 for volumes).  
2.1.1. MED: Talent adds reagents to 50 ml conical tube and mixes the contents.
2.2. Dissolve sulfo-SANPAH (pronounced sul-fo san-pa) (TEXT: Sulfo-SANPAH: N-Sulfosuccinimidyl-6-(4'-azido-2'-nitrophenylamino hexanoate) in dimethylsulfoxane at 50 milligrams per milliliter. Aliquot 20 microliters of the stock solution into 10 microcentrifuge tubes. Then, flash freeze the solutions in liquid nitrogen and store at -80 degrees Celsius.	
2.2.1. MED-over the shoulder: Talent adds dimethylsulfoxane to microcentrifuge tube containing sulfo-SANPAH.
2.2.2. CU:  Microcentrifuge tubes as talent adds stock solution to them.
2.2.3. MED-over the shoulder: Talent places tubes in liquid nitrogen one by one and arranges in a freezer box.
2.2.4. MED: Talent places tubes in freezer.
2.3. Next, dissolve ammonium persulfate in deionized water to achieve a final ammonium persulfate concentration of 10% weight by volume. Aliquot 25 microliters of the ammonium persulfate solution into 10 microcentrifuge tubes and store at -20 degrees Celsius. 
2.3.1. CU: 15 ml conical containing ammonium persulfate as talent adds deionized water to it.
2.3.1.a. Vortex the solution for 30 sec.
2.3.2. MED: Talent adds ammonium persulfate solution to microcentrifuge tubes. Talent caps tubes and places them in a freezer box.
2.3.3. MED-over the shoulder: Talent places tubes in freezer.
2.4. Prepare a 0.2 milligrams per milliliter of collagen solution by diluting the Collagen Type I stock solution in 1X PBS at pH 7.4.  All solutions are kept on ice until use.
2.4.1. CU: Conical tube as talent adds collagen stock solution and buffer to it.
2.4.2. MED: Talent places tube on ice. 
3. Hydrogel Preparation 
3.1. At this point, place a few drops of a hydrophobic solution on a glass plate and use tissue paper to spread across the surface. After allowing the plate to air dry, wipe with tissue paper again to even out the hydrophobic coating.  
3.1.1. CU: Glass plate as talent adds hydrophobic solution to it and spreads it across surface with tissue.
3.1.2. MED: Talent wipes glass plate with tissue paper.
3.2. Cut a flexible plastic support to match the size of the hydrophobic-coated glass plate. Then, mark the hydrophobic side of the flexible plastic support by lightly scratching the surface with a sharp tool such as a scalpel (TEXT: Scratch marks will help distinguish which plastic support side contains gel). 
3.2.1. MED-over the shoulder: Talent cuts plastic support with paper cutter.
3.2.2. CU: Plastic support as talent scratches surface of one side with scalpel.
3.3. For the gel preparation, add 4972.5 microliters of polyacrylamide precursor solution of desired final concentration into a 50 milliliter conical tube. Place the tube in a degassing chamber for 30 minutes with the cap opened.
3.3.1. MED-over the shoulder: Talent adds polyacrylamide solution to conical tube.
3.3.2. MED: Talent places tube in degassing chamber.
3.4. Following this, add 25 microliters of the previously prepared ammonium persulfate solution to the degassed gel solution to achieve a final ammonium persulfate concentration of 0.05%. Then, add 2.5 microliters of TEMED (pronounced TEE-med) (TEXT: TEMED: N,N,N’,N’-tetramethylethylenediamine) to achieve a final TEMED concentration of 0.5%. Mix the solution gently by pipetting up and down 3 to 5 times.  
3.4.1. CU: Conical tube containing degassed gel solution as talent adds ammonium persulfate solution to it.
3.4.2. MED: Talent adds TEMED to conical tube.
3.4.3. CU: Conical tube as talent pipettes solution up and down.
3.5. Next, place silicone spacers of desired thickness onto the hydrophilic side of the flexible plastic support. Then pipette the gel solution onto the flexible plastic support between the spacers and sandwich with a hydrophobic-coated glass slide (TEXT: Leave small amount of polymer precursor solution in conical tube to use as indicator of gelation).
[Move step 3.5.2. before 3.5.1.]
3.5.1. CU: Plastic support as talent adds gel solution onto it and places glass slide on top of it. 
3.5.2. [bookmark: _GoBack]MED-over the shoulder: Talent inserts places silicone spacers between two slides onto the hydrophilic side of the flexible plastic support.
3.6. After allowing the gel to polymerize for 45 minutes, peel off the flexible plastic support with the covalently attached polyacrylamide gel on top, and set gel side up to air dry. 
3.6.1. CU: Gel as talent peels it off of plastic support.
3.6.2. MED: Talent sets gel on lab bench to air dry.
4. Multiwell Plate Assembly, Collagen Coating, and Sterilization
4.1. Once dried, cut the polyacrylamide gel into the desired shapes.  
4.1.1. MED-over the shoulder: Talent uses hole punch to cut gel into desired shapes.
4.2. Prepare approximately 500 microliters of polydimethylsiloxane per 96-well plate according to the manufacturer’s instructions. To glue the gels to the bottom of a multiwell plate, place a small droplet of polydimethylsiloxane at the center of the each well. Using forceps, place one polyacrylamide gel in each well, flexible plastic support side down. 
4.2.1. MED: Talent adds appropriate reagents to weighing boat on balance to prepare polydimethylsiloxane.
4.2.2. MED-over the shoulder: Talent adds small amount of polydimethylsiloxane to each well of 96-well plate.
4.2.3. CU: 96-well plate as talent places a gel in each well.
4.3. After curing the polydimethylsiloxane, place a small amount of the previously prepared sulfo-SANPAH in each well with a transfer pipette and swirl from side to side to coat the gel surface evenly (TEXT: Work promptly as sulfo-SANPAH is not stable in water). 
4.3.1. CU: 96-well plate as talent adds sulfo-SANPAH to each well.
4.3.2. MED: Talent manually swirls plate from side to side.
4.4. Place the well plate under a high intensity UV lamp for 5 minutes.  When finished, rinse the gels with PBS to remove excess sulfo-SANPAH. 
4.4.1. MED-over the shoulder: Talent places 96-well plate under UV lamp and turns lamp on.
4.4.2. CU: 96-well plate as talent adds PBS to each well.
4.4.3. MED: Talent inverts 96-well plate over sink and discards PBS in sink.
4.5. Following this, pipette approximately 50 microliters of the previously prepared Collagen Type I solution into each well. Leave the plate covered at room temperature for at least 2 hours.
4.5.1. CU: 96-well plate as talent adds Collagen Type I solution to each well.
4.5.2. MED-over the shoulder: Talent covers plate with multiwell plate lid.		
4.6. After rinsing with PBS to remove excess collagen solution, sterilize the gels under UV light in a tissue culture hood for 2 hrs. 
4.6.1. MED: Talent places 96-well plate under UV lamp and turns lamp on.
4.7. Finally, soak the gels in complete medium overnight to hydrate and equilibrate (TEXT: Refer to text protocol for medium composition).  Use gels for cell seeding immediately or store in the refrigerator for up to 2 days.
4.7.1. MED-over the shoulder: Talent adds medium to each well of 96-well plate.
4.7.2. MED: Talent places 96-well plate in refrigerator incubator.
5. Results: Polyacrylamide Gel Preparation in Multiwell Plates for Stiffness-Dependent Cell Response Studies
5.1. Young’s modulus as a function of several acrylamide and bis-acrylamide concentrations is shown here. As anticipated, both storage modulus, G prime and loss modulus, G double prime, are independent of frequency. It was also confirmed that drying and then re-hydrating the gels did not affect their Young’s modulus.
5.1.1. LAB MEDIA: Figure 2 (Figure 2.pdf, 52643fig2.jpg) (Video Editor: Show figure 2A for first sentence, figure 2B for second sentence, and figure 2C for third sentence.)
5.2. By using the crosslinker sulfo-SANPAH, a uniform collagen coating on hydrogels of any stiffness can be achieved.
5.2.1. LAB MEDIA: Figure 3 (Figure 3.pdf, 52643fig3.jpg)
5.3. It was observed that when seeded on polyacrylamide gels for 24 hours, breast cancer MDA-MB-231 cells remained round on the soft 0.5 and 1 kilopascal gels, but were able to spread and elongate on the stiff 100 kilopascal gel. In addition, hydrogels made on top of the flexible plastic support are transparent and allow for easy visualization and microscopy. Furthermore, the flexible plastic support does not autofluoresce and thus does not interfere with the imaging of fluorescently labeled cells. 
5.3.1. LAB MEDIA: Figure 4 (Figure 4.pdf, 52643fig4.jpg) (Video Editor: Highlight 0.5 kPa and 1kPa columns when “breast cancer MDA-MB-231 cells remained round on the soft 0.5 and 1 kPa gels” is mentioned in voiceover. Then use an arrow to point to the green circles in bottom 0.5 kPa and 1 kPa images. Highlight 100 kPa column when “but were able to spread and elongate on the stiff 100 kPa gel” is mentioned in voiceover Then use an arrow to point to one of the green blue images in the bottom 100 kPa image.)
5.4. Cell morphology was further quantified in terms of overall cell spreading area and cell circularity.
5.4.1. LAB MEDIA: Figure 5 (Figure 5.pdf, 52643fig5.jpg)


INSTRUCTIONS FOR AUTHORS:
Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    
        uninjected control at 48 hours post fertilization looks normal, as expected 
        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms
                     containing the first of two EGF-like repeats, exhibit brain edema.
	        -LAB MEDIA: 0123_PIname_Figure2.tif	

5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 
        the heads of the uninjected controls look normal 
        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     
                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:
http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj


6. Conclusion (said by authors on camera)
6.1. Silviya Zustiak: After watching this video, you should have a good understanding of how to efficiently and inexpensively assemble polyacrylamide gels in a multiwell plate format for the study of stiffness-dependent cell responses.
       

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, as well as an introduction to your videographer, closer to your filming date.
 2013, Journal of Visualized Experiments

