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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 yes, please list make and model of your microscope: ______________________________
**Note:  This question is to get at whether or not you will need a camera hook-up to look into the microscope.  However, if your microscope has a digital camera attached to a computer, you can gather these shots by collecting screen capture movies. 
Does your protocol include microscopy steps that are visualized through a microscope with a digital camera/computer attached? (Y/N) __Y__ 
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 steps____1.2, 1.3, 1.6, 1.7, 1.8, 2.14.1_________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? Difficult aspect: Removing the coverslips from the gel without cracking them
Ensure success: Submerge the gel in fluid for a short time before gently using tweezers to pop the coverslip off the gel

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 fabricate polyacrylamide, or PA, gels for cell culture with fluorescent microspheres embedded very near the gel surface. (Intro)

This is accomplished by first functionalizing glass cover slips with Poly-D-Lysine. (P1, show the top blue disc only and make the top color change to orange so that it looks like the second orange disc.)

The second step is to coat the glass cover slips with a solution containing fluorescent microspheres. (P2, show the orange disc from P1 and make the red dots appear on it to look like third orange disc.)

Next, PA gels are formulated by mixing appropriate concentrations of bisacrylamide and acrylamide, and sandwiched between an underlying surface and the functionalized side of the glass cover slips. (P3, show the orange disc with red dots from P2.  If possible, flip the image over and make the blue rectangle appear. Then make the disc lower onto the blue rectangle completely.)

The final step is to functionalize the gel with an extracellular matrix protein and culture cells on the gel surface. (P4, show the last image from P3 and make the blue disc move away from the blue rectangle so that it looks like the fifth image in the schematic graphic.)

Ultimately, traction force microscopy is used to measure mechanical forces exerted by cells as a result of cell-induced substrate deformation. (P5, show last image from P4 and make the top of the gray circle turn light green so that it looks like the sixth image in the schematic graphic.  Then make the yellow shapes appear on the disc to look like the bottom image in the schematic graphic.)

Video Editor: Use 51873_SchematicFinal.tiff (or 51873_SchematicFinal.pptx)


B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Samantha Knoll: The main advantage of this technique over existing methods, like traditional PA gel fabrication, is that it localizes the fluorescent microspheres to a known location within the gel depth, allowing for a more accurate calculation of cellular traction forces.   
1.2. Yakut Ali: Visual demonstration of this method is critical as special care must be taken when functionalizing the glass cover slips in order to ensure the fluorescent beads properly transfer to the PA gel. 
1.3. **Samantha Knoll: Demonstrating the procedure will be myself, Samantha Knoll, and Yakut Ali, both graduate students in the laboratory of Taher Saif at the University of Illinois at Urbana-Champaign.  
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. Functionalizing the Top Glass Cover Slips
2.1. First, place previously cleaned glass cover slips on a grated surface such that they are not touching to facilitate ease of interaction with the coverslips. Coat the entire surface of the cover slips with 0.1 mg/ml of Poly-D-Lysine for 1 hour.	
2.1.1. MED: Talent places three glass cover slips on a pipette tip holder.
2.1.2. CU: Glass cover slips as talent adds Poly-D-Lysine to each one.
2.2. During this time, perform a 1 to 10,000 dilution of the colloid solution of 0.1 μm-diameter, red fluorescent microspheres with deionized water to obtain a particle density of approximately 1 microsphere per 20 μm2 on the gel surface (TEXT: See Figure 2 for results of various dilutions. Dilution can be modified to meet specific experiment need). Place the diluted solution in an ultrasonic water bath for 30 min.	
2.2.1. MED-over the shoulder: Talent mixes red fluorescent microspheres and deionized water in a 15 50-ml centrifuge tube. 
2.2.2. MED: Talent places tube containing bead solution in ultrasonic bath, programs the appropriate settings, and turns it on.
2.3. After 1 hr, use tweezers to carefully lift each cover slip, and blow dry with air. Then, return the dry cover slips to the grated surface.	  
2.3.1. CU: Coverslips as talent lifts each one with tweezers.
2.3.2. MED: Talent dries the coverslips with air.
2.3.3. MED-over the shoulder: Talent places cover slips on the pipette tip holder.
2.4. Once the diluted colloid solution has been removed from the ultrasonic bath, pipette 150 μl of the solution onto each cover slip. 
2.4.1. CU: Coverslips as talent pipettes the diluted colloid solution onto each one.
2.5. After 10 min, use tweezers to carefully lift each cover slip and blow dry with air. Once the dry cover slips have been returned to the grated surface, store them in the dark until ready to use.   
2.5.1. MED-over the shoulder: Talent lifts each cover slip with tweezers and dries them with air.
2.5.2. MED: Talent places cover slips in an opaque container for storage in the dark.
3. Preparing Polyacrylamide Gel Directly on Glass Bottom Petri Dishes 
3.1. Next, lay out the desired number of glass bottom petri dishes on a flat surface in a chemical fume hood. Cover the glass portion of each petri dish micro-well with 97% of 3-aminopropyl-trimethoxysliane for 7 min for chemical activation. After 7 min, fill the petri dish with deionized water and dispose of the solution in a waste container.   
3.1.1. MED-over the shoulder: Talent places three glass bottom petri dishes in the chemical fume hood.
3.1.2. CU: Petri dishes as talent adds 3-aminopropyl-trimethoxysilane to each one.
3.1.3. MED: Talent adds deionized water to each dish and then pours each solution into the waste container.
3.2. Carefully cover the glass portion of each petri dish well with a previously prepared 0.5% glutaraldehyde solution for 30 min. After 30 min, fill the petri dish with deionized water and dispose of it into a waste container to rinse and remove the glutaraldehyde.
3.2.1. MED-over the shoulder: Talent adds glutaraldehyde solution to each petri dish.
3.2.2. Reuse shot 3.1.3.
3.3. Before mixing the components of the polyacrylamide gel solution, move the functionalized glass slides into the chemical fume hood such that they are easily accessible, allowing for the quick sandwiching of the gel with the glass bottom petri dishes after mixing the gel solution.
3.3.1. WID: Talent walks up to chemical fume hood with glass slides in hand and sets the glass slides down.
3.3.2. CU: Glass slides as talent slightly adjusts their positions in the fume hood.
3.4. In a 15-ml centrifuge tube, mix 40% bisacrylamide, 2% acrylamide, and acrylic acid in immediate succession to achieve the desired matrix elasticity. Then, add 100 mM HEPES, 10% ammonium persulfate, and TEMED in quantities corresponding to desired matrix elasticity to complete the gel solution (TEXT: See Table 1 for appropriate concentrations and quantities).
3.4.1. MED-over the shoulder: Talent mixes appropriate reagents in a 15-ml centrifuge tube. [use take 2]
3.4.2. CU: Centrifuge tube as talent adds remaining reagents to the solution.
3.5. Immediately pipette 15 μl of gel solution onto the center of the glass portion of the petri dishes.
3.5.1. MED: Talent adds gel solution from the tube to the center of each petri dish with a pipette. [use take 2]
3.6. After picking up a functionalized glass cover slip with tweezers, flip it over such that the fluorescent beads are on the side making contact with the gel solution. Then, lay the cover slip gently on top of the now-liquid polyacrylamide gel such that the functionalized side is in contact with the gel (TEXT: A second person is recommended for adding cover slip in order to avoid partial polymerization).
3.6.1. MED-over the shoulder: Talent flips one of the functionalized glass cover slips over with the tweezers.
3.6.2. CU: Cover slip as talent places it on top of the polyacrylamide gel.
3.7. Following this, flip all the petri dishes over to assist with avoiding gravity effects on fluorescent nanoparticles polymerizing into lower levels of the polyacrylamide gel.  After polymerization, flip the petri dishes back over and fill them with PBS.
3.7.1. MED and CU: Talent flips each of the petri dishes over in the chemical hood and adds PBS.
3.8. Carefully make contact with the glass portion of the petri dish and the outline of the cover slip, using tweezers to scrape the circumference of the cover slip. Following several cycles of scraping, remove the cover slip and dispose of it in a proper sharps waste container.
3.8.1. CU: One of the petri dishes containing the glass cover slip as talent uses tweezers to scrap around the cover slip. [Don’t show the middle petri dish in the video where the slide popped off]
3.8.2. MED: Talent removes the glass cover slip from the petri dish and throws it into the sharps waster container.
3.9. After removing all the cover slips, place the petri dish lid on each dish and and store at 4 ºC.
3.9.1. MED-over the shoulder: Talent adds deionized water to the polyacrylamide gels in each petri dish puts lid on petri dishes.
3.9.2. MED: Talent places petri dish lid on each dish and places them in the refrigerator.
4. Functionalizing Polyacrylamide Gel with Fibronectin
4.1. Once the polyacrylamide gels have warmed to room temperature, use a vacuum pump in a biological hood to remove all the deionized water from the glass-bottom dishes containing the gels. Pipette previously prepared soak solution onto each gel such that the gel is completely submerged.	
4.1.1. WID: Talent walks up to biological hood with petri dishes in hand and sets them down.
4.1.2. MED-over the shoulder: Talent removes deionized water from each petri dish with a glass Pasteur pipette connected to the vacuum hose.
4.1.3. CU: Gels as talent adds soak solution to each one with a pipette to completely submerge them.
4.2. Following incubation at room temperature for at least 1 hr, add 150-250 μl of a previously prepared NHS/EDC (TEXT: NHS: N-hydroxysulfosuccinimide, EDC: 1-Ethyl-3-[3-dimethylaminopropyl]carbodiimide) solution to cover the gel surface and fill the glass-bottom well of the petri dish. Then, incubate the gels at room temperature for 30 min in the dark.
4.2.1. MED: Talent adds NHS/EDC solution to each gel in the petri dish.
4.2.2. MED-over the shoulder: Talent covers each petri dish with aluminum foil and places them in the biological hood.
4.3. Once the NHS/EDC solution has been removed by vacuum, add 150 μl of a previously prepared fibronectin solution to each gel. Once again, incubate at room temperature for 35 min to allow for attachment of fibronectin.   
4.3.1. CU: Petri dishes containing gels as talent adds fibronectin solution to each one.
4.3.2. Reuse shot 4.2.2.
5. Traction Force Experiments
5.1. At this point, warm cell media, PBS, and Trypsin to 37 ºC in a water bath. Rinse the gels 5 times with sterile deionized water, aspirating the water in between rinses. Cover the gels, leaving them in the hood.   
5.1.1. MED: Talent places appropriate reagents in a 37 ºC water bath.
5.1.2. MED-over the shoulder: Talent adds sterile deionized water to each gel.
5.1.3. MED: Talent covers petri dishes containing gels with petri dish lids.
5.2. Add 1 ml of trypsin per 25 cm2 to the flask containing the cells. After the cells are lifted from the flask, dilute the trypsin with cell media. Then, count the cells using a hemocytometer.	
5.2.1. CU: Flask containing cells as talent adds trypsin to it.
5.2.2. MED-over the shoulder: Talent adds cell media to the tube containing the cells and trypsin.
5.2.3. MED: Talent places hemocytometer with cell solution under microscope and looks into the microscope.
5.3. Based on the gel surface area, determine the number of cells required per gel for a final cell seeding density of 3,000 cells/cm2. Dilute or concentrate the suspension such that 150 μl of the cell-media mixture contains this number of cells. Then, aliquot 150 μl of the cell suspension onto each gel.  
5.3.1. CU: Laboratory notebook as talent performs the cell number calculation.
5.3.2. MED: Talent adds cell media to the tube containing the cell media mixture.
5.3.3. MED-over the shoulder: Talent adds cell suspension to each gel with a pipette.
5.4. Following this, place the petri dishes containing cells in an incubator for 30 min. After carefully removing the petri dishes from the incubator, fill the remainder of the petri dish with approximately 2 ml of media such that the surface of the dish is completely submerged.
5.4.1. MED: Talent places petri dishes in the incubator.
5.4.2. CU: Petri dishes containing gels as talent adds cell media to each one.
5.5. Place the petri dishes back in the incubator until image acquisition. When prepared for imaging, place one of the petri dishes gently on the microscope stage. 
5.5.1. Reuse shot 5.4.1.
5.5.2. MED-over the shoulder: Talent places one of the petri dishes on the microscope stage.
5.6. After removing the petri dish lid for DIC (TEXT: DIC: Differential Interference Contrast) imaging, locate a single cell and capture a single still image of the cell in DIC. 
5.6.1. SCREEN: Microscope image of single cell.
5.7. Without moving the microscope stage, switch the imaging mode to fluorescence. Focus on the fluorescent microspheres and record an image of the microspheres.
5.7.1. MED-over the shoulder: Talent switches imaging mode to fluorescence. [Take 2 Shot of changing from bright light to fluorescent light]
5.7.2. SCREEN: Microscope image of fluorescent microspheres.
5.8. Carefully remove the cell media from the petri dish with a pipette and add 0.05% trypsin-EDTA.  Focus on the DIC image to show the gel from which the cell has now detached. Then, image the microspheres under the cell after the cells have detached.
5.8.1. CU: Petri dish as talent removes cell media from it with a pipette.
5.8.2. MED: Talent adds trypsin-EDTA solution to the petri dish.
5.8.3. SCREEN: Microscope image of gel after the cell has detached.
5.8.4. LAB MEDIA: Figure 7 (Figure7.tif, 51873fig7highres.jpg)
6. Results: Localizing Fluorescent Microspheres within Polyacrylamide Gels for Traction Force Microscopy
6.1. Confocal imaging was used to determine that the beads were underneath the gel surface and to quantify their precise location. The bead location serves as a reference for the top surface of the gel, where cells apply force upon adherence. 
6.1.1. LAB MEDIA: Figure 3 (Figure3.tif, 51873fig3highres.jpg)
6.2. Shown here is the bead spatial distribution and projected view on the YZ plane. The latter provides the depths of all the beads from the gel surface. 
6.2.1. LAB MEDIA: Figure 4 (Figure4.tif, 51873fig4highres.jpg) (Video Editor: Zoom into right image for second sentence.)
6.3. The average depth of 0.1 μm beads is 619 nm, 466 nm, 278 nm for polyacrylamide gels of stiffness 1, 10, and 40 kPa, respectively. The corresponding depths for 1 μm-diameter beads are -20 nm in 40 kPa gels, 12 nm in 10 kPa gels, and 1255 nm in 1 kPa gels. 
6.3.1. LAB MEDIA: Figure 5 (Figure5.tif, 51873fig5highres.jpg) (Video Editor: Show graph A for first sentence and graph B for second sentence.)
6.4. The depth of beads dispersed throughout the gel was measured and compared to the depths using the technique presented. The bead dispersion variability within the depth of a polyacrylamide gel using traditional fabrication methods is shown here.
6.4.1. [bookmark: _GoBack]LAB MEDIA: Figure 6 (Figure6.tif, 51873fig6highres.jpg) (Video Editor: Make insets appear on three graphs for second sentence.)
6.5. The displacement field for a fibroblast cell and corresponding fluorescent beads layer are shown here. Beads near the periphery of the image appear slightly out of focus, which is an optical effect due to the water immersion objective. Upon addition of trypsin, the cell is released from the surface, resulting in the deformed polyacrylamide gel surface returning to its original state. 
6.5.1. LAB MEDIA: Figure 7 (Figure7.tif, 51873fig7highres.jpg) (Video Editor: Highlight or zoom into image B for first sentence.  Highlight or zoom into image C for second sentence.  If desired, to clearly illustrate what is being stated in the voiceover, insert arrows pointing to both sides of the image.  If zoom in option chosen, zoom out and show all three images for third sentence.)  

7. Conclusion (said by authors on camera)
7.1. Yakut Ali: Once mastered, this PA gel fabrication and functionalization technique can be done in 6 hours if it is performed properly.
7.2. Samantha Knoll: After watching this video, you should have a good understanding of how to fabricate polyacrylamide gels with fluorescent microspheres localized at a known depth near the cell culture surface for more accurate cell traction force measurements. 
       

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, 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.

SchematicFig – authors, please include a schematic figure to correlate with the narrative
overview text in section 1A. See attached instructions. 



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.
 2012, Journal of Visualized Experiments

