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Title:  Preparation of Complaint Matrices for Quantifying Cellular Contraction

Authors, please fill out the brief questionnaire below.   
A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique (Y/N, please specify steps by number. Also, please list make and model of your microscope)?  ___N______

B.   Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? ____N____

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps______
D.  What is the single most difficult aspect of this procedure?  Getting the coverslips (with gels attached) off of the slide after gel polymerization.
0.  Schematic Overview (read by voice talent at JoVE):

Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  
2173_Margaret_Gardel_fig1_schematic 
Procedural Narrative:
(Intro) The overall goal of this procedure is to create compliant matrices for modulating and quantifying cellular contraction.
(P1) This is accomplished by first activating a coverslip to allow anchorage of the matrix.  (Editors, the coverslip is represented by the black line on the bottom of the figure and treating with amino-silane/glutaraldehyde is the “activation”)
(P2) The second step of the procedure is to polymerize a polyacrylamide gel to the activated coverslip.  (Editors, the gel is the grey portion of the figure with the blue circles)
(P3) The third step of the procedure is chemically crosslink extracellular-matrix ligand to the surface of the polyacrylamide gel.  (Editors, this is the green diamonds/red slashed line)
(P4) The final step of the procedure is imaging the gel to generate data to be analyzed by traction force microscopy protocols.  (Authors, which figure should we show here?) Figures 2A and 3Aand 3B and movies 1 and 2.
(P5) Ultimately results can be obtained that show cells applying traction forces to their matrix through traction force microscopy. (Editors, 2173_Margaret_Gardel_fig 3C+D would fit here).
Paste a copy of your graphic overview here.  The original file should be adobe illustrator (preferred) or powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website.   
1. Introduction (said by the demonstrator to the camera)  

Authors, please select from “single” or “multiple author introductions” and complete the statements below.  When you address the camera, don’t forget to smile.  
Single author introduction:

Multiple videotaped author intro – add additional authors as necessary

1.1. Author 1: “Hi I’m Yvonne Aratyn-Schaus from the Laboratory of Margaret Gardel in the Department   of Physics and Institute of Biophysical Dynamics at the University of Chicago (said looking at the camera).”

1.2.  Author 2: “I’m Stephen Winter also from the Gardel lab”.
1.3. Author 1: Today we will show you a procedure for making compliant matrices for measuring cell contraction.

1.4. Author 2:  We use this procedure in our laboratory to study contractile actomyosin networks.   

1.5. Author 1:  So let’s get started…

Protocol (read by voice talent at JoVE):

Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2. Coverslip Surface Activation
2.1. Prior to coverslip activation, rinse several 22x40 mm, #1.5 coverslips (pronounced “22 by 44 millimeter number 1.5 coverslips”) with 70% ethanol to clean and remove dust.  Then, place the coverslips in a stainless steel rack, such that coverslips are spaced apart and not touching.
2.1.1. MED/CU:  Talent at bench rinsing coverslips with 70% ethanol.  CU of coverslips as they are rinsed.

2.1.2. MED-over the shoulder/CU:  Coverslips as they are placed onto a stainless steel rack.  CU of coverslips as they are placed to show how they are spaced.
2.2. Working in a chemical fume hood, prepare a 2% 3-aminopropyltrimethoxysilane (pronounced “am-ee-no-pro-pil-try-meth-ox-ee-sigh-lane”) solution in isopropanol inside a square glass dish.  Use a glass Pasteur pipette to add the 3-aminopropyltrimethoxysilane due to reactivity with plastic. 

2.2.1. MED:  Talent at fume hood (wearing proper protection) prepares the solution in a labeled square glass dish.

2.2.2. CU:  Glass Pasteur pipette as it is used to add the 3-aminopropyltrimethoxysilane.

2.3. Fully immerse the coverslips into this solution and incubate for 10 minutes while stirring on a stir plate in the fume hood.  
2.3.1. CU:  Solution as the coverslips are fully immersed inside.
2.3.2. MED-over the shoulder:  Talent places the labeled container with coverslips on a stir plate in the fume hood.

2.4. After soaking the coverslips, wash them by immersing in ddH2O (pronounced “double distilled water”).  Exchange the water out 4 times (Text Overlay:  Wash 4X).  After the final exchange, allow 10 minutes of soaking time with stirring.
2.4.1. MED:  Talent removes the 2% 3-aminopropyltrimethoxysilane solution from square dish and adds water (Authors, is this how this is done? Yes, the solution is disposed of in chemical waste container (within ventilated hood) and square dish is rinsed with water and subsequently filled with ddH2O for the soaking process.)
2.4.2. MED-over the shoulder/CU:  Talent exchanges out the water.  Text Overlay:  Wash 4X.
2.4.3. CU:  Container filled with water and coverslips as it is placed onto the stir plate.
2.5. Then, dry the coverslips in an incubator at approximately 37 °C for 10 minutes.  Once dry, allow them to cool to room temperature.
2.5.1. MED-over the shoulder:  Talent places the coverslips into the incubator.

2.5.2. WIDE or MED:  Talent removes coverslips from incubator and places them on the bench to cool.

2.6. Immerse the coverslips in 1% glutaraldehyde solution in ddH2O in a glass square dish on a stir plate for 30 minutes.  Afterward, wash the coverslips by 3 exchanges of ddH2O with 10 minutes per exchange, with stirring (Text Overlay:  Wash/Stir for 10min 3X).
2.6.1. CU:  Labeled glass square dish with 1% glutaraldehyde solution in ddH2O as coverslips are placed inside.
2.6.2. MED:  Talent does final coverslip wash and places them to stir for 10min.  Text Overlay: Wash/Stir for 10min 3X.
2.7. Next, cover the coverslips with aluminum foil to avoid dust and dry them at room temperature.  Once dry, store the coverslips in a dry place, away from dust, for up to 2 months.
2.7.1. CU:  Coverslips as they are covered with aluminum foil.

2.7.2. MED-over the shoulder:  Talent places the coverslips into a dry/dust-free place for storage.
3. Polyacrylamide (PAA) Gel Preparation
3.1. To prepare the Polyacrylamide, or PAA, gel, first make stock solutions of acrylamide/bis-acrylamide mix from 40% acrylamide and 2% bis-acrylamide as described in the written protocol.  Degas the acrylamide solution in a vacuum chamber for 20 minutes.  This reduces oxygen within the gel, which prevents polymerization.
3.1.1. MED/WIDE/MED-over the shoulder:  Multiple shots of talent at bench making solutions.  Shot will be re-used once.
3.1.2. MED-over the shoulder/CU:  Talent places a labeled container of acrylamide solution into a vacuum chamber.  CU of chamber as talent turns it on.
3.2. Meanwhile, prepare a 10% ammonium persulfate, or APS solution.  Then, wipe 1x3” microscope glass slides with Rain-Ex wipes to make the glass slide surface hydrophobic. Remove any dust with a Kimwipe to ensure a smooth gel surface, cover the slide with aluminum foil, and set aside.
3.2.1. Shot 3.1.1 – Talent at bench preparing solutions

3.2.2. CU:  Glass slides as Rain-ex wipes are used to wipe them down.

3.2.3. MED/CU:  Talent removes dust with Kimwipe.  CU of slide as it is wiped with Kimwipe. 

3.2.4. MED-over the shoulder:  Talent covers with aluminum foil and sets aside.
3.3. Then, remove the acrylamide solution from the vacuum chamber and add fluorescent beads (Text Overlay:  Fluorescent beads = 1%, v/v).  To initiate gel polymerization, add 0.75 μL TEMED and 2.5 μL 10% APS.  Briefly mix the solution by pipetting up and down.
3.3.1. MED:  Talent removes solution from vacuum.

3.3.2. CU:  Acrylamide solution as fluorescent beads are added.  Text Overlay:  Fluorescent beads = 1%, v/v
3.3.3. MED-over the shoulder:  Talent adds 0.75 μL TEMED and 2.5 μL 10% APS from labeled containers.

3.3.4. CU:  Pipette tip as solution is pipetted up and down.
3.4. Next, apply 10-12 μL of the acrylamide solution to the previously prepared hydrophobic microscope slide.  Place an activated 22x40mm coverslip on top of the droplet.  The gel solution should coat the entire coverslip.  Smooth out any bubbles that may appear within solution. 
3.4.1. MED/CU:  Talent applies 10 -12 μL of the acrylamide solution to the hydrophobic slide.  CU of slide as solution is applied.
3.4.2. CU/ECU:  Slide as activated coverslip is placed on top of the droplet.  ECU or CU of coverslip to show that the gel solution is fully coated.

3.4.3. MED-over the shoulder/CU:  Talent smoothes out bubbles.  CU of bubble as it is smoothed out.

3.5. Allow the gel solution to polymerize at room temperature for about 10 minutes.  Once polymerized, the gel will pull away from the edge of the coverslip.

3.5.1. MED:  Talent leaves gel to polymerize.

3.5.2. CU/ECU:  Polymerized gel.  CU or ECU to show that the gel is pulling away from the coverslip.
3.6. Using the fine tip of a pair of tweezers or a razor blade edge, carefully remove the coverslip from microscope slide surface with the gel attached.  Coat the gel with ddH2O, to maintain a hydrated surface.
3.6.1. MED-over the shoulder/ECU:  Talent uses tweezers or razor to remove coverslip/gel from slide.  ECU of coverslip/gel as it is removed.
3.6.2. CU:  Gel as it is coated with ddH2O to maintain hydrated surface.

4. Extracellular Matrix (ECM) Protein Crosslinking to the PAA Gel
4.1. To crosslink extracellular matrix, or ECM, protein to the gel, first prepare 40 μL (pronounced “40 micro- liter”) working aliquots of Sulfo-SANPAH (pronounced “sul-fo-san-pah”) by dissolving Sulfo-SANPAH powder in anhydrous dimethyl sulfoxide, or DMSO.  

4.1.1. MED:  Talent at bench setting up to prepare 40 μL working aliquots of Sulfo-SANPAH.

4.1.2. CU:  Sulfo-SANPAH powder as it is dissolved in DMSO.

4.2. Next, remove the ddH2O from the gel surface by briefly using a coverslip spinner, taking care not to dry the gel.
4.2.1. MED-over the shoulder/MED/CU:  Multiple takes of talent placing gel/coverslip into coverslip spinner.  CU of spinner as it is turned on.  Shot will be reused once.
4.3. Immediately before use, dilute the Sulfo-SANPAH-DMSO aliquots in ddH2O (Text Overlay:  Dilute Sulfo-SANPAH-DMSO to 2mg/ml, pH 7) and coat the gel surface with about 200μL.  Then, expose the gel surface to UV light in a UV cross-linker oven.
4.3.1. MED:  Talent dilutes the Sulfo-SANPAH-DMSO aliquots in ddH2O.  Text Overlay:  Dilute Sulfo-SANPAH-DMSO to 2mg/ml, pH 7
4.3.2. CU:  Gel surface as it is coated with 200μL.

4.3.3. MED-over the shoulder:  Talent places the gel into a UV cross-linker oven and turns on.
4.4. Following UV exposure, dip the coverslips in a beaker with fresh ddH2O.  Remove any solution from the gel surface using a coverslip spinner.
4.4.1. MED/CU:  Talent dips coverslips into a beaker of water.  CU of coverslips as they are dipped.  

4.4.2. Shot 4.2.1:  Talent places gel/coverslip in spinner.

4.5. Then, place Parafilm in a Petri dish container.  Pipette 50 μL of cold Fibronectin (Text Overlay:  1 mg/mL Fibronectin in PBS, pH 7.4) onto the Parafilm.  Invert the coverslip, and place the gel side on top of the Fibronectin.
4.5.1. MED/CU:  Talent places Parafilm in Petri dish container and pipettes Fibronectin.  CU of pipette tip/Parafilm as Fibronectin is pipetted onto Parafilm.  Text Overlay:  1 mg/mL Fibronectin in PBS, pH 7.4
4.5.2. MED-over the shoulder/CU:  Talent inverts the coverslip and prepares to place it on top of the Fibronectin.  Side view CU of gel as it makes contact with Fibronectin.
4.6. Allow the coverslips to react at room temperature for 1-2 hours or at 4 ˚C overnight.  Following incubation, use sterile technique to place the coverslips in 6 cm tissue culture dishes containing enough PBS (Text Overlay:  Phosphate Buffered Saline, pH 7.4) to coat the coverslips.
4.6.1. CU:  Coverslips as they are left to react at RT.

4.6.2. MED/CU:  Talent uses sterile technique to place the coverslips in 6 cm tissue culture dishes containing PBS.  CU to show PBS coating the coverslips completely.  Text Overlay:  Phosphate Buffered Saline, pH 7.4
4.7. Wash the coverslips extensively with several exchanges of PBS, under sterile conditions.  Following the wash, sterilize the coverslips by UV treatment for 30 minutes.  Afterward, incubate the coverslips in cell media for 30-45 minutes prior to plating cells.
4.7.1. MED:  Talent at bench washes coverslips with PBS under sterile conditions.

4.7.2. MED-over the shoulder:  Talent places coverslips in UV chamber.

4.7.3. MED:  Talent removes coverslips from UV chamber

4.7.4. CU:  Cell media as coverslips are placed in.

5. Confocal Imaging
5.1. Next, load a 22x30mm coverslip onto the Top Coverslip holder of a Warner Instruments confocal imaging chamber using vacuum grease to keep the coverslip in place. 
5.1.1. MED:  At Warner Instruments confocal imaging chamber, talent loads coverslip onto Top Coverslip holder.  
5.1.2. CU:  Coverslip as vacuum grease is used to keep the slide in place.
5.2. Place a chamber forming rubber gasket on top of the coverslip, allowing access to both inlet and outlet polyethylene tubing.  This will allow a spacing of 150-1000 μm (pronounced “microns”) between the top coverslip and the gel-coated 22x40mm coverslip, depending on the size of gasket used.
5.2.1. MED-over the shoulder/CU:  Talent places chamber forming rubber gasket on top of the coverslip.  CU of the chamber forming rubber gasket to show access to inlet and outlet tubes.
5.3. Then, load syringes containing warm cell media onto the inlet tubing, via the connector kit, and check that the media flows through the tubing and onto the Top Coverslip.
5.3.1. MED/CU:  Talent loads syringes containing warm cell media onto the inlet tubing.

5.3.2. CU or ECU:  Top coverslip/tubing as media is flowed.  
5.4. Apply vacuum grease onto the base of the chamber and load a gel-coated 22x40mm coverslip, cell-side up.  Apply the warm media to the cells.
5.4.1. MED-over the shoulder:  Talent applies vacuum grease onto the base of the chamber.

5.4.2. CU:  Bottom of chamber as gel/coverslip is loaded cell-side up.

5.4.3. ECU:  Gel as warm media is applied to cells.
5.5. Place the Top Coverslip holder onto the chamber base, with the Chamber Gasket separating it from the gel-coated coverslip.  Make sure that the Locating Pins within the chamber base sit within the Locating Holes in the Top Coverslip.
5.5.1. CU:  Top Coverslip holder as it is placed on the chamber base, with the chamber gasket separating it from the gel-coated coverslip.

5.5.2. ECU:  Locating pins lining up with locating holes.
5.6. Apply the Pressure Plate to the chamber base and use the Pressure Plate Wrench to screw in and secure the Pressure Plate.  Check the flow of media through the tubing and chamber to monitor any potential leaks within the chamber and to eliminate any media-free zones on the cell surface.  
5.6.1. MED/CU:  Talent applies pressure plate to the chamber base and screws it in with the wrench.  CU as the pressure plate is secured.

5.6.2. MED-over the shoulder:  Talent checks flow of media through tubing.

5.6.3. CU:  Media flowing over cell surface to check for media-free zones.

5.7. Apply the confocal imaging chamber to the Stage Adapter situated within a microscope holder for imaging.
5.7.1. MED-over the shoulder:  Talent applies the confocal imaging chamber to the Stage Adapter.  

5.8. Image fluorescently-labeled protein and fluorescent beads embedded within the gel substrate on a confocal fluorescent microscope. 
5.8.1. MED:  Talent working at confocal microscope to image the beads in the gel.

5.8.2. LAB MEDIA:  2173_Margaret_Gardel_fig2A
5.9. To obtain an image of unstrained bead position with the gel, perfuse trypsin to detach cellular adhesions from the gel, and take an image of the fluorescent beads in the same imaging field where the cell adhered.  
5.9.1. MED/CU:  Talent perfuses trypsin onto the gel.  CU of gel as trypsin containing media is perfused.

5.9.2. MED-over the shoulder:  Talent takes an image of theof the fluorescent beads.

6. Representative Results for Quantifying Cellular Contraction
NOTE:  Movie will be added in this section with narration Please see text below for placement and narration of movies.
6.1. When the protocol is followed correctly, the gel surface will be relatively flat and smooth, with fluorescent beads embedded evenly throughout.
6.1.1. LAB MEDIA:  2173_Margaret_Gardel_fig2A
Authors, could you include arrows to indicate the beads? Arrows have been indicated in movie 2. Please read below for clarification.
6.2. The ECM can also be visualized by Fibronectin immunofluorescence.
6.2.1. LAB MEDIA:  2173_Margaret_Gardel_fig2B
6.3. If measuring gel contraction at the location of focal adhesions, imaging of the gel and cells should be done at the confocal optical plane of focal adhesions.  Here, focal adhesions are visualized in a traction force experiment in a human osteosarcoma, or U2OS (pronounced “U-2-Oh-S”) cell marked by GFP-paxillin.  
6.3.1. LAB MEDIA:  2173_Margaret_Gardel_fig3A
6.4. The contraction of a gel can be visualized by the displacement of embedded fluorescent beads underlying focal adhesions.  Comparison of strained beads in red and unstrained bead positions in green allows for the quantification of gel substrate displacement under contraction.  
6.4.1. LAB MEDIA:  2173_Margaret_Gardel_fig3B
6.5. The use of sophisticated computational algorithms can yield traction stresses associated with bead displacement and elastic modulus of the gels.  These stresses are visualized here with a heat-scale map and with vectors, where the warmer colors on the heat map and larger arrows denote stronger forces.  
6.5.1. LAB MEDIA: 2173_Margaret_Gardel_fig3C+D
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/index/Details.stp?ID=1597
5. (last section) Conclusion (said by authors to camera)

Please fill in the blanks.  You will say this part to the camera.

5.1. “We’ve just shown you how to collect data to be analyzed by traction force microscopy protocols. 
5.2. “When doing this procedure it’s important to remember to plan ahead so that time-sensitive steps are carried out quickly. 
5.3. “So that’s it.  Thanks for watching and good luck with your experiments”

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 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. 

2173_Margaret_Gardel_Movie1 - U2OS cell adhered to the top surface of fibronectin-coated PAA gel (2.8kPA) and detaching from gel, gel deforms accordingly. Please reference Movie 1 in section 4.10 and after Figure 3B within the representative results section. The narration can repeat the caption for the  movie, “This movie represents a typical experiment visualizing cellular contractility. The left panel shows a human osteosarcoma (U2OS) cell expressing GFP-actin adhered to a fibronectin-coated polyacrylamide gel (2.8kPa) visualized by confocal microscopy. Fluorescent 40nm beads embedded in the polyacrylamide gel directly underlying the cell in the same optical field is visualized in the right panel. The cell boundary is shown in white. The cell is imaged while adhered to the gel and during perfusion of trypsin, at which time the cell detaches from the gel surface. The result yields strained and unstrained positions of beads.”
2173_Margaret_Gardel_Movie2 – narration: This movie compares the positions of beads during cell adhesion and under release of cell contraction. The left panel shows the same U2OS cell from the first time point of Movie 1. The right panel shows bead positions underlying the cell within the white outline from the left panel. The bead positions shift between strained (cell adhered) and unstrained (cell detached) states to indicate the degree of cell contraction. Arrows provided to indicate example regions of bead displacement. Placement of movie within the text: Please refer to movie 2 after section 4.11 and after referencing Figure 3B in the representative results section.
2173_Margaret_Gardel_fig1_schematic 
2173_Margaret_Gardel_fig2A - Authors, could you include arrows to indicate the beads? Arrows are indicated within Movie 2 for clarification as to where the bead displacements occur.  Figure 2 is simply indicating what the top surface of the gel should look like in the fluorescent channel of the beads.
2173_Margaret_Gardel_fig2B

2173_Margaret_Gardel_fig3A

2173_Margaret_Gardel_fig3B

2173_Margaret_Gardel_fig3C+D
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.

( 2010, Journal of Visualized Experiments


