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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) Y : the alignment of the embryos can be filmed. (6.1)
Can you record movies/images using your own microscope camera? (Y/N) N 

If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: BINOCULAR ZEISS discovery.V8 stereo
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) Y
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.) 
4.2 - 4.3 - 4.4 - 4.5

5.1 – 5.2 – 5.3 

8.1 – 8.2 
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.) ___________________________
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

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.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)   
1.1. Pierre-François Lenne: This method can help answer key questions in the field of tissue mechanics, such as how mechanical properties of cell-cell contacts change in space and time.
1.2. Pierre-François Lenne: The main advantage of this technique is that it is weakly invasive and compatible with live imaging, such as light sheet microscopy.   

1.3. Claire Chardès: This technique does not require injection of beads into the tissue, usually used as intermediate probes on which optical forces are exerted.   
 B. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!) 
1.4. Pierre-Francois Lenne: Demonstrating the procedure will be Claire Chardès, an engineer, and Raphaël Clément, research scientist from my laboratory. 

1.4.1. Interview style: Author saying the above 

1.4.2. 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. Preparing the Optical Tweezers

2.1. To begin, set up an upright microscope for light sheet microscopy in the horizontal plane. [1-MED-TXT] Then, prepare the laser and optics to act as the optical tweezers. [2- MED Over the Shoulder-TXT] 
2.1.1. Talent at microscope adjusting cuvette holder. (TEXT: *See the accompanying text protocol for details)
2.1.2. Talent fine-tunes the optics. (TEXT: *See the accompanying text protocol for details)

2.2. Next, pipette 1 µL of 500 nm fluorescent beads into a glass cuvette [1-CU] and add 10 mL of distilled water. [1-CU] [2.2.1bis] Place the cuvette in the cuvette holder, under the objective, and adjust the focus of the objective… [2-MED Over the Shoulder] so that the objective touches the water’s surface. [3-CU]
2.2.1. Talent adds beads and water into cuvette

2.2.1bis. [Added Shot]: Talent adds water into cuvette (or 2.2.1.bis)

2.2.2. Talent places cuvette under objective, looks through optics, and adjusts the focus as described.

2.2.3. Objective touches the water’s surface. 
2.3. Now, open the integrated development environment, “QtCreator”, which is used to control the acquisition software. [1-MED Over the Shoulder] Open the acquisition software by opening the microrheo.pro file and turn on the live acquisition mode by selecting “Live”. [2-SCREEN]
2.3.1. Talent sits at the computer and opens the software.

2.3.2. Screen capture video as the talent loads the software and turns on acquisition mode. Authors: Please submit this screen capture video as 2_3_2_Lenne_57900.mp4/mov to your video upload link.
2.4. Prior to switching on the laser, put on safety goggles. [1-MED-TXT] Then, adjust the laser power to 1 W and switch on the laser.  The live feed should now show a bead trapped at the laser’s focus.[2-SCREEN]
2.4.1. Talent puts on goggles (TEXT: Caution: Do not remove the goggles before the end of the experiment)

2.4.2. Screen capture video as the talent adjusts the laser power, turns on the laser, and displays a trapped bead in the focus area. Talent turns on the IR laser and adjusts the laser power to 1W from the front panel of the laser driver. Screen capture video of the trapped bead: 2_4_2_Lenne_57900.mp4/mov Authors: Please submit this screen capture video as 2_4_2_Lenne_57900.mp4/mov to your video upload link.
2.5. If necessary, adjust the position of the 2nd telescope lens to observe the bead in focus.  One may also need to adjust the angle of the periscope mirrors to center the bead in the image.[1-MED] 

2.5.1. Talent adjusts the lenses and then one of the periscope mirrors (or just points to them for a few seconds each in the order listed.)

2.5.2. [Added Shot]: Global setup of the optical tweezers (Editor: Not sure where the authors want to use this shot, as 2.5.1 would contain all of the actions mentioned in the VO. Depending on what the footage shots, maybe this can be shown after most of the VO to show the final setup?)
3. Interfacing the Instrument

3.1. Prepare the data acquisition board and the card connections as described in Figure 3 of the accompanying text protocol. [1-CU]  
3.1.1. Talent points out the DAQ board.
3.2. On the optical shutter interface, adjust the “time open sec” parameter to 000.000, the “time closed sec” parameter to 000.000, the “mode” parameter to SINGLE, and the “trigger” parameter to EXT.  Once set, select the Enable button. [1-MED]
3.2.1. Authors adjusting parameters on the controller and then selecting Enable button.
3.3. In QtCreator, open the OT.pro file to open the project. Change the name of the input and output in the AOGenerator.cpp file to match the NI cards that were used in your setup. [1-SCREEN-TXT]
3.3.1. Screen capture video as the talent performs the above step in the order listed. Authors: Please submit this screen capture video as 3_3_1_Lenne_57900.mp4/mov to your video upload link. (TEXT: The OT.pro file is provided in the Qt code files)

3.4. Finally, compile and run the optical tweezers software. [1-SCREEN]
3.4.1. Screen capture video as the talent compiles and runs the program. Authors: Please submit this screen capture video as 3_4_1_Lenne_57900.mp4/mov to your video upload link.
4. Calibration of the Optical Trap Position using Beads

4.1. In the acquisition software, select the desired exposure time, the gain, the time between two images, the number of images to be acquired, and the laser’s power. [1-SCREEN]
4.1.1. Screen capture video as the talent performs the above step in the order listed. Authors: Please submit this screen capture video as 4_1_1_Lenne_57900.mp4/mov to your video upload link.
4.2. Then, in the optical tweezer software, set the optical tweezers parameters shown here to trace a circle. [1-SCREEN-TXT]
4.2.1. Screen capture video as the talent performs the above step in the order listed. Authors: Please submit this screen capture video as 4_2_1_Lenne_57900.mp4/mov to your video upload link. (TEXT: SamplingRate = 250 samples/s, BufferSize = 1000; Waveform 1 (Sinusoidal), nbPeriod = 1, Amplitude = 0.5 V, Phase = 0.0 rad, Offset = 0.0 V; Waveform 2 (Sinusoidal), nbPeriod = 1, amplitude = 0.5V, phase = 1.57 rad, Offset = 0.0 V) (Video Editor: Place the sampling rate and buffer size centered over “Waveform 1” and “Waveform 2” so that the parameters following “Waveform 1” are lined up be low it and the parameters following “Waveform 2” are found below in a 2nd column.)
4.3. Next, check the “AI Parameters” box, the “Wait for it …” box and press the record pushbutton.  Then, start the image acquisition. [1-SCREEN-TXT]
4.3.1. Screen capture video as the talent checks the boxes in the order listed and begins data acquisition. Authors: Please submit this screen capture video as 4_3_1_Lenne_57900.mp4/mov to your video upload link.  (TEXT: Take 500 or 1000 images with a high frame rate, such as 10 fps)

4.4. Switch on the optical tweezers by selecting the “GO!” button and allow the trapped bead to complete at least two full circles…  Then, stop the optical tweezers by un-selecting the “GO!” button. [1-SCREEN]
4.4.1. Screen capture video as the talent selects go, waits for 2 full circles, then selects stop. Authors: Please submit this screen capture video as 4_4_1_Lenne_57900.mp4/mov to your video upload link.
4.5. Finally, stop the image acquisition. Note that a tiff movie and a text file with galvanometer voltages are created in the default folder. [1-SCREEN]
4.5.1. Screen capture video as the talent stops the image acquisition. Authors: Please submit this screen capture video as 4_5_1_Lenne_57900.mp4/mov to your video upload link.
5. Position Interpolation with Image Analysis

5.1. Open Matlab, go to the calibration folder, and run the “position2tension” script. This script computes the interpolation function translating galvanometer voltages to optical trap position. [1-SCREEN-TXT]
5.1.1. Screen capture video as the talent performs the above step in the order listed. Authors: Please submit this screen capture video as 5_1_1_Lenne_57900.mp4/mov to your video upload link. (TEXT: This script is provided in the Matlab code files) 

5.2. Next, follow along in the accompanying text protocol to set up the calibration movie.  Check if the interpolation map for x and y laser positions are computed and displayed properly by the script.  [1-SCREEN]
5.2.1. Screen capture video as the talent opens the calibration movie and shows the displayed script. Authors: Please submit this screen capture video as 5_2_1_Lenne_57900.mp4/mov to your video upload link.
5.3. Check for white regions in the map which represent missing values.  If there are significant white areas, repeat the operation with a new calibration movie. [1-SCREEN-TXT]  The calibration movie shown here represents a movie with adequate data. [2-SCREEN]
5.3.1. Screen capture video as the talent circles a white area with their mouse. Authors: Please submit this screen capture video as 5_3_1_Lenne_57900.mp4/mov to your video upload link.  (TEXT: Repeat using better signal to noise ratio, and/or with slower galvanometer speed)  
5.3.2. Screen capture video showing a good quality calibration movie. Authors: Please submit this screen capture video as 5_3_2_Lenne_57900.mp4/mov to your video upload link.  
6. Mounting Drosophila Embryos

6.1. Using a pike or a moist brush, select about 10 embryos at the desired stage and align them. [1-ECU]
6.1.1. Talent aligns 10 embryos (Videographer: Use Scope camera if available)
6.2. Then, use a diamond-marking pen to cut a piece of a glass slide to 10 x 20 x 1 mm. [1-CU]
6.2.1. Talent scores and breaks a glass slide as described

6.3. Add glue on one side of the cut piece, and let it dry for 20 seconds…  Then, turn the cut piece over and place it on the line of embryos, sticking it at the edge of the slide. [1-CU]
6.3.1. Talent adds glue and waits a few seconds, and then places it over the embryos
6.3.2. Then, talent places it over the embryos
6.4. Next, install the preparation in the sample holder and place the holder into the cuvette. [1-CU] Then, place the cuvette on the piezoelectric stage and fill it with water. [2-MED]
6.4.1. *Film as written
6.4.2. *Film as written
7. Trapping Experiment In-vivo 
7.1. To begin, find the location of interest and move the target junction’s midpoint to the laser trap’s position using the piezo stage. [1-SCREEN]
7.1.1. Screen capture video as the talent performs the above step in the order listed. Authors: Please submit this screen capture video as 7_1_1_Lenne_57900.mp4/mov to your video upload link.
7.2. Set the trap’s parameters to achieve oscillations perpendicular to the contact line. Also, set the phases as zero, the amplitudes in X and Y directions to have a movement perpendicular to the contact line, and set the amplitude to 0.1 V. [1-SCREEN]
7.2.1. Screen capture video as the talent performs the above step in the order listed. Authors: Please submit this screen capture video as 7_2_1_Lenne_57900.mp4/mov to your video upload link.
7.3. Now, start the acquisition using a fast frame rate, such as 10 fps…  Once the imaging has begun, switch on the optical tweezers by pressing the “GO!” push button.  [1-SCREEN]
7.3.1. Screen capture video as the talent performs the above step in the order listed. Authors: Please submit this screen capture video as 7_3_1_Lenne_57900.mp4/mov to your video upload link.
7.4. When the imaging is complete, switch off the tweezers and stop image acquisition. [1-SCREEN]
7.4.1. Screen capture video as the talent performs the above step in the order listed. Authors: Please submit this screen capture video as 7_4_1_Lenne_57900.mp4/mov to your video upload link.
7.5. In the specified folder, there will be a movie and a text file containing the galvanometer voltages during acquisition. Open the movie to observe the collected frames. [1-SCREEN]
7.5.1. Screen capture video as the talent performs the above step in the order listed. Authors: Please submit this screen capture video as 7_5_1_Lenne_57900.mp4/mov to your video upload link.
8. Mechanical Measurements

8.1. Following analysis of the video, measure the stiffness and tension in the tissue sample by opening the video in Matlab.  [1-MED Over the Shoulder] Here, use the plot function to plot the interface position as a function of the trap position. [2-SCREEN]
8.1.1. Talent opens video in Matlab

8.1.2. Screen capture video as the talent plots the interface/trap position. Authors: Please submit this screen capture video as 8_1_2_Lenne_57900.mp4/mov to your video upload link.
8.2. Then, use Matlab “ezfit” free toolbox to perform a linear fit of the data.  The inverse of the fit’s slope provides the average ratio of the trap position over the interface position.  [1-SCREEN]
8.2.1. Screen capture video as the talent performs the linear fit of the data and displays the slope. Authors: Please submit this screen capture video as 8_2_1_Lenne_57900.mp4/mov to your video upload link.
8.3. From this information, use the equations in the accompanying text protocol to determine the stiffness and tension values.   [1-MED Over the Shoulder]
8.3.1. Talent computes the stiffness/tension values.
9. Results: Interface Deflection Imposed by Sinusoidal Movement
9.1. The laser trap produces a sinusoidal deflection of the sample that is perpendicular to the interface, shown here as 3 successive interface positions. [1-LM]
9.1.1. Figure 5A
9.2. This can also be recorded as movies to generate a kymograph and are further analyzed to determine the position of the interface with subpixel resolution.  Here, the period was found to be 5 seconds. [1-LM]
9.2.1. Figure 5B (Video Editor: Highlight the scale bar showing 5 seconds when mentioned)
9.3. In the regime of small deformations, the trap and interface positions are proportional. [1-LM]
9.3.1. Figure 5C (Video Editor: Highlight the red “trap” line and the black “interface” line when mentioned)
9.4. The amplitude of the interface deflection, relative to that of the trap, gives access to the interface tension or stiffness. [1-LM]
9.4.1. Figure 5D
9.5. Shown here, are the basics of a pull and release experiment. [1-LM] When the optical trap is switched on, approximately 1 µm away from the midpoint of the interface between two cells, the interface deflects towards the trap’s position. [2-LM] The trap is then switched off after the desired amount of time. [3-LM]
9.5.1. Figure 6A 

9.5.2. Figure 6A (Video Editor: Highlight the Pull Frame)

9.5.3. Figure 6A (Video Editor: Highlight the Release Frame)

9.6. The resulting graph can be compared to hypothesized rheological models, such as a Maxwell-like model. [1-LM]
9.6.1. Figure 6D (Video Editor: Add a label pointing out that the red line is the Maxwell-like model)
10. Conclusion (said by authors on camera) 
10.1. CC: Don't forget that working with infrared lasers can be extremely hazardous and precautions such as wearing protective goggles and avoiding to wear metallic objects or jewels should always be taken while performing this procedure.  
10.2. PFL: Here we demonstrate the use of optical tweezers for Drosophila embryo. This method can also be used for other model systems such as C. elegans. 
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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