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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) NO           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. 2.3, 2.5, 2.8, 3.3, 3.9 

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. Coupling the AFM cantilever beam to the surface of the membrane is difficult. Step 4.5. 
E.  Will the filming need to take place in multiple locations? (Y/N) NO If yes, how far apart are the locations? ___________________________________________________

1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE): 
Conceptual Narrative:

The overall goal of the following experiment is to observe the role of mechanical strain on cell mechanobiology in near real time. (Intro)
This is achieved by first constructing a system with flexible membranes on which cells are grown and stretched. (P1:Cut out the membrane image from the background and shrink it a little bit so that it fits on the metal frame.  Show both the membrane and metal frame on the screen and With the word “cells” move the membrane so it seems to be set into the frame as is shown in the video.)
As a second step, stretch the membrane to calibrate motor counts with membrane strain. (P2: Show the setup proposed for P2. Highlight the graph with the word “correlates”.)  

Next, mouse lung epithelial cells are stretched and nuclei are imaged in order to show that the membrane strain is transmitted to cells. (P3: Show the images set up for P3 on the top half of the screen.  On the bottom half of the screen show an image of a cell (DAM ID 4384) and elongate it in the direction of the arrow in the images. The cell should go from circular shape to somewhat oval shape and back again a few times.  Only change it about 10-20% in the direction of the arrow to emphasize the stretch.)

The stretcher is then incorporated into the AFM for nano-indentation in order to measure the stiffness of the individual cells before and after stretch. (P4: Show the image of the AFM from P4 on the left half of the screen. On the right half show Figure 6D and E without their text labels.  Instead Label D as “Before Stretch” and E as “After Stretch”)
The results show direct damage on the cells due to applied stretch. Also, based on fluorescence imaging, reactive oxygen species production is shown to increase with stretch. (P5: Show P5 as described in the image below. Add the black/red fluorescence images when mentioned.)
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B.  Interview: (Said by you on camera. Don’t forget to smile!)    

1.1. Roan: This method can help answer key questions in the lung mechanobiology field, such as whether or not the epithelial cells in the lungs are directly injured with mechanical ventilation.  

1.2. Rapalo: This method can provide insight into lung cell mechanobiology and can also be applied to other soft tissue, such as liver and growth plate slices.

1.3. Herwig: Generally, individuals new to this method will struggle because of the unconventional combination of tools utilized in these experiments such as the atomic force microscope.
Protocol (read by voice talent at JoVE):  
2. Application of Stretch on Mouse Lung Epithelial Cell Line 

2.1. To begin, prepare a collagen coated PDMS membrane modified for use in cell culture as described in the accompanying text protocol.

2.1.1. MED: Talent places petri dish containing completed membrane into an oven to cure.

2.2. Next, seed mouse lung epithelial cells at 2.5 million cells/well onto a sterile flexible collagen coated membrane.  Incubate the cells at 37 °C and 5% CO2 for 2 days until the cells reach confluency.
2.2.1. MED: Talent pipettes cells onto the membrane

2.2.2. MED: Talent places membrane/cells into the incubator.

2.3. Then, use a 1.5 mm biopsy punch to punch two holes in each of the six clamp tabs 20.5 mm from the center of the construct if no pre-tension is desired, and remove the cell culture media.
2.3.1 and 2.3.2 are reversed and not slated
2.3.1. CU: Talent removes media.

2.3.2. CU: Talent measures and punches holes in the membrane as indicated.

2.4. Make sure the mechanical actuator is in a zero strain position and position the membrane on the stretcher so that the punched holes line up with the pins in the clamps. 
2.4.1. [2.4.1 to 2.5.1 combined] MED: Talent places membrane onto the stretcher.

2.4.2. CU: Close-up view as talent aligns the membrane.

2.5. Place top clamps in place and then tighten the screws one at a time alternating different sides. 

2.5.1. CU: Talent performs the above step as described.

2.6. Add 1 mL cell culture media before placing the device on the microscope stage.  Center the device on the light path.

2.6.1. CU: Talent adds 1 mL of media to the membrane.

2.6.2. CU: Talent places device on microscope stage and centers it on the light path.
2.7. Next, fix the device to the stage. Focus on the membrane by adjusting the in-plane and vertical positions of the mechanical device with the stage controller of the microscope. 
2.7.1. CU: Talent fixes the device in place.

2.7.2. MED: Talent looks through optics and adjusts focus with the stage controller.

2.8. Now, open the Playground dialogue box within the Interface software.  In the destination input block, enter a motor count value, which corresponds to the desired strain level to be applied.  

2.8.1. SCREEN: Screen capture video of above statement in the order described. 

2.9. Next, set the value in the “Velocity:” input block to 10 RPM or less to observe the same field before and after stretch as the field may shift with respect to the microscope objective and it may be necessary to adjust the microscope stage during stretch.  Once everything is set, click on “Go”.

2.9.1. SCREEN: Screen capture video as talent sets the velocity value to 10 RPM and then clicks “go”.

3. Application of Stretch and Atomic Force Microscopy 

3.1. Begin by making adjustments to the atomic force microscope. Increase the height of the AFM head to its maximum position in the z-direction.
3.1.1. MED: Talent increases AFM head to max height.
3.2. Then, put extenders on the legs to lift the plane at which AFM cantilever contacts the sample.   

3.2.1. CU: Talent adds extenders. [Videographer note: AA3730 is a continuation of action]
3.3. Next, remove the AFM scanner plate and the desired objective from the microscope.  Add a spacer to the objective and then mount it back on the microscope. Then, place the scanner plate back on to the AFM.

3.3.1. CU: Talent removes plate and objective, adds spacer to the objective, mounts it back on the microscope, and then replaces the scanner plate.  Videographer: If necessary, break into 2-3 shots depending on the amount of time each step takes.

3.4. HERWIG: “The height of the spacer will depend on the objective and the specific AFM set-up, but it is necessary to use a spacer if optical imaging is desired since the observation plane will be shifted in the z-direction.”

3.4.1. Interview style: Author saying the above 

3.5. Next, start the AFM software, the optical microscope software, and all necessary light sources including the light source for fluorescence measurements. 
3.5.1. Med Over the Shoulder: Talent turns on equipment in order listed above.

3.6. Mount a chip with a cantilever beam that has a stiffness of 200 pN/nm or less for measuring the elastic modulus of live cells on the AFM. Then, align the laser.  
3.6.1. ECU: Talent mounts cantilever onto AFM

3.6.2. CU SCREEN: Talent aligns laser.
3.7. Next, mount a glass coverslip on the device and use it to calibrate the cantilever stiffness according to manufacturer’s suggestions.
3.7.0 Mount adapter plate to the stretcher.
3.7.1. CU: Talent mounts coverslip onto stretcher.

3.7.2a MED Place stretcher in AFM
3.7.2. MED Over the Shoulder: Talent uses software to calibrate the cantilever.
3.8. Immediately before mounting the membrane on to the stretching device, cut the walls to about 1 mm in height. This reduces the interference experienced between the membrane walls and the load cell.

3.8.1. MED: Talent removes membrane/cells from incubator and removed media.

3.8.2. CU: Talent cuts wall of membrane.

3.9. Then, remove the cell culture media and mount the membrane on the mechanical device. 

3.9.1. CU: Talent removes cell culture medium

3.9.2. MED: Talent mounts membrane on mechanical device.
3.10. Place the mechanical device with the adapter on the scanner.
3.10.1. CU: Talent adds adapter plate and places the combination onto the scanner.
3.11. Using the software, stretch the membrane to the desired tensile strain level.
3.11.1. SCREEN: Screen capture showing talent entering parameters and starting the mechanical tensile strain.

4. Nano-indentation of Stretched Cells.

4.1. Prior to nano-indentation, add 0.5 mL or less of media onto the cells to keep them hydrated, but also take care to avoid a spill which may damage the AFM scanner or microscope. 
4.1.1. MED: Talent loads pipette with 500 microliters of media and brings to the membrane.

4.1.2. CU: Talent slowly ejects media onto the membrane.
4.2. Then, engage the cantilever beam with the membrane.
4.2.1. SCREEN MED: Screen capture as talent instructs cantilever to engage the membrane.
4.3. Follow the protocol of the particular AFM device to scan areas of interest. 
4.3.1. SCREEN: Screen capture as talent makes final few adjustments and begins scan.
5. Results: Elastic Modulus Mapping of Mouse Lung Epithelial Cells Under Strain
5.1. When a 20% strain was applied to cells seeded on the membrane, the cells displaced 20% as indicated here. [5.1.1 - LM]
5.1.1. Figure 3a-b (Video Editor: Add the label “Before Strain” to Figure 3a and “20% Strain” to Figure 3b

5.2. The impact of cell stretching on the production of reactive oxygen species was measured in bronchial epithelial cells using a cumulative mitochondrial superoxide sensor as described in the accompanying text protocol. [5.2.1 - LM] In the absence of mechanical stretch, ROS production did not significantly increase over 60 min. [5.2.1 - LM] When a single 17% stretch was applied and maintained, there was an increase in mitochondrial ROS that persisted for another 60 min. [5.2.3 - LM]
5.2.1. Figure 4a-c (Video Editor: Add the label “0 min” over Figure 4a, “60 minutes” over Figure 4b, and “65 minutes” over Figure 4c)

5.2.2. Figure 4d (Video Editor: Show the red data points from 0-60 minutes (remove the A-B labels))

5.2.3. Figure 4d (Video Editor: With the word “single” add the “Stretched” label and the red data points that follow (showing all the red data points by this point). Remove the A-C labels on the graph.)

5.3. With the incorporation of the mechanical stretcher into the atomic force microscope, elastic modulus maps of mouse lung epithelial cells before and after 10% tensile strain were obtained from the regions outlined here. [5.3.1 - LM] 300 individual force-deflection curves were recorded over a 40 X 40 µm area showing a change in the localization of high modulus regions with the application of strain. [5.3.2 - LM]
5.3.1. Figure 6b-e (Video Editor: Label Images B and D as “Before Strain” and C and E as “After 10% Strain” Label B and C as “Phase Contrast” and D-E as “Elastic Modulus Maps”. With the words “from the regions outlined here” highlight the red squares in Figure 6b-c.)

5.3.2. Figure 6b-e (Video Editor: Highlight Figure 6 D-E) 
6. Conclusion (said by authors on camera) 
6.1. HERWIG: Once mastered, cell stretching can be done in 15 minutes while AFM nano-indentation may consume 2 hours if it is performed properly.

6.2. RAPALO: While attempting this procedure, it’s important to remember to handle the cells carefully yet quickly as the results may be adversely affected by agitation and prolonged exposure to air before the data is recorded. 

6.3. ROAN: Don't forget that working with the AFM can be extremely challenging and precautions such as keeping liquids away from the scanner should always be taken while performing this procedure.   

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


