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Additional Contacts:

Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) I think it is not necessary to record video microscopy (to decide) If yes, please list make and model of your microscope: upright microscope Olympus BX51 (C-mount)
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? N 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps: 4.6 and 4.7, 5.3 - 5.4 and 5.5, 6.8 
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  The most difficult aspect of this procedure is to set the position of the IR Laser focus spot respect to the UV focus spot, to perform force spectroscopy measurement during laser axotomy. Precise control of the laser focus spots positions, and of the UV laser pulse energy, to induce partial lesion of the axon, ensure success. 
1. Introduction (Schematic Overview and Interview)
A. 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.  
Procedural Narrative:
The overall goal of this procedure is to evaluate and compare with picoNewton sensitivity the axonal adhesion to the substrate. Therefore, such protocol represents a high-resolution method to study how the mechanical coupling between cells and substrates can be modulated by pharmacological treatment and/or by distinct mechanical properties of the substrate.
 (Intro)
This is accomplished by first choosing an isolated neuron with a longer neurite. Then, move around to search a bead adhered to culture support. Turn on the UV laser, while leaving the IR laser on, and move the UV spot above the adhered bead by microscope stage motion. The bead detaches from the surface, and it is trapped by the IR laser. Then, turn off the UV laser, and bring the trapped bead next to the neuron. (P1)
The second step is to move the IR focus spot position by computer generated hologram, once the UV laser spot is centered on the axon. The IR focus spot is positioned 5-10 μm away from the UV spot along the neurite (P2)
Next, the stiffness of the optical trap is calibrated by interferometric tracking of the Brownian motion of the trapped bead before to attach it to the neurite(P3)
The final step is to bring the bead in contact with neurite. After few seconds the bead adheres to the neurite. Center the IR focus spot on the adhered bead and start force measurement during the delivery of UV laser pulses to lesion the axon. (P4)
Ultimately, force spectroscopy_is used to evaluate the release of tension produced by axon lesion, which represent an estimate of the axonal adhesion to the substrate (P5)
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. Please keep all layers in the file (i.e., do not flatten the file).   
Figure 1 of the manuscript could be used as graphic overview.
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.   

· Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    

· Enter the name of the individual who will say each line. 

· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.
· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

Author name DIFATO FRANCESCO: The main advantage of this technique over existing methods, like fluorescence based techniques, is that it directly furnish a physical quantity, the force measured with picoNewton sensitivity, allowing a direct comparison of the axonal adhesion to the substrate in different experimental conditions such as chemical treatment, or different types of cell culture support.

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. Laser Microsphere Manipulation
2.1. To begin this procedure, place a glass bottom culture plate containing neurons seeded at 25,000 cells/mL onto the microscope stage and secure it into place. 
Then, focus on the sample and correct the position of the illuminating objective condenser to set Kohler-illumination, which will improve the bright field imaging quality, and maximize the IR laser collection efficiency (through objective condenser), from the scattering trapped probe, to perform its interferometric tracking by the QPD and PD. The QPD and the PD will record the x,y and z position respectively, of the bead adhered to neurite and held in the optical trap during laser axotomy. 
2.2. Pipette a few μLs of the coated microsphere stock solution into the culture dish so that you end up with 1 to 2 microspheres per field of view. At this concentration, the microspheres will deposit and adhere on culture substrate. The dish is not mixed after microspheres are added. The microspheres freely diffuse in the culture dish and deposit on the bottom of the Petridish. In the stock solution, we have a concentration of about 104 microspheres/μL.
2.3. Locate an isolated neuron with a long axon and save the position of the microscope stage.  Then, move the stage around to search for a bead adhered to the culture support that can be moved to the site of the axon.

2.4. Next, turn on the IR trapping laser. At this stage no holograms are projected onto the spatial light modulator and the position of IR laser spot coincides with the UV laser spot position. Move the stage to set the axial position of the IR spot 2-3 μm above the culture support surface. 

2.5. Set the UV laser power to less than 1μW. The UV laser dissector has been previously calibrated and can produce at less than 1 μW a shock wave is produced in culture dish. The optical shock wave is enough strong to detach the bead from the glass support.
2.6. Next, turn on the UV laser, while leaving the IR laser on, and move the UV spot above the adhered bead by microscope stage motion. The bead detaches from the surface and is trapped by the IR laser. Then, turn off the UV laser. 
VIDEO: phase1
2.7. Use the IR laser to move the trapped bead 20-30 μm above the glass support. This will prevent the bead from contacting the other cells while moving it to the previously saved stage position. 
VIDEO: phase2
2.8. Set the stage speed to a maximum of 10 μm/sec so the drag fluid force does not exceed the optical trapping force.
3. UV and IR beam positioning and optical tweezer calibration.
3.1. Next, lower the bead toward the glass support to visualize the axon. Hold the bead about 5 μm above the glass support to avoid contact with the cell.
3.2. Then, move the UV focus spot to the center of the axon by moving the microscope stage and save the current stage position. 
3.3. Next, define the IR focus spot position using a computer-generated hologram based on the centered axon position chosen for the UV laser. When computer generated hologram is projected on the spatial light modulator, the trapped bead is moved with respect to the axon.
MOVIE: phase3 
3.4. Position the IR laser spot 5-10 μm away from the UV spot to avoid optical interaction of the dissecting beam with the trapped probe. 

3.5. Next, move the stage to position the trapped bead away from the axon and avoid collision with it and move the axial position of the trapped bead at about 2 μm above the cover glass.

3.6. Finally, align the four quadrant photodiode to center the interference fringes on it by zeroing the x and y differential signals.  

3.7. Then, use the interferometer to acquire 5 seconds of the Brownian motion of the trapped bead at 50 KHz. Obtain the optical tweezer stiffness and sensitivity by power spectrum method as described by Neuman et al. 

3.7.1. (TEXT: Neuman, K.C.  Block, S.M. Optical Trapping. Rev. Sci. Inst. 75, 2787-2809 (2004))
4. Axotomy and simultaneous force measurement.
4.1. Raise the trapped bead to 4 μm above the support glass and move it down the axon until it contacts the neurite. The collision between the trapped bead and the axon can be monitored by detecting displacement of the trapped bead in the axial direction.

4.2. Wait 10 seconds with the trapped bead pushed against the axon to ensure its adhesion to the neurite membrane. Then, move the micro stage to try and displace the bead from the axon. If the bead adhered, it will escape from the optical trap.

4.3. Next, move the laser trap back onto the adhered bead and switch on the force-clamp loop with a force condition equal to zero. The center of the trap is reached once the four quadrant photodiode gives the same signals as when the bead is trapped far from the surface.
4.4. Then, set a force-clamp condition on the z axis, positioning the trapping laser slightly over the center of the bead by about 100 nm to generate a pretension on the adhered trapped probe. 
4.5. Next, use the four quadrant photodiode signal in the z-direction to monitor force during movement.  Switch-off the force-clamp feedback to measure the force on the adhered probe in position-clamp condition. Such step is done because in position clamp condition we can measure the bead displacement from the trap center and measure the release of the tension in pN, by the Hooke’s law.
4.6. Start simultaneous recording of the trapped probe positions during laser axotomy using the interferometer and the cell itself using time-lapse bright-field imaging at a sampling rate of 20 Hz.
4.7. Then, turn on the UV laser and deliver laser pulses until a lesion becomes visible on the image of the axon.  This usually requires 200-400 optical pulses at a power of 25 nJ per pulse.  Then, turn off the UV laser.
 MOVIE: Measurement
5. Continue recording with the interferometer for about 3 minutes, until the x, y and z four quadrant photodiode traces reach a plateau. Once a plateau is reached, it means that the release of tension in the neurite is ceased 
6. Results: Measurement of changes in cytoskeletal equilibrium caused by laser induced lesions.
6.1. Prior to lesions, the cytoskeletal and substrate forces are pairwised and equilibrated. After laser-induced lesion of the neurite, the connections between some springs and the substrate are disrupted. Thus, the substrate is no longer counteracting the traction force of the cytoskeletal element. 
6.1.1. LABMEDIA: Figure 1 and Figure 2A (Video Editor: Show the “Before Cutting” image with the first sentence and inlay Figure 2a(left) with the Before Cutting image as it is a microscopic view of the drawing. Then show the “After Cutting” image with the second sentence and inlay Figure 2a(right) as it is a microscopic view of the drawing. Highlight the red X with the 3rd sentence)

6.2. The trapped bead, attached to membrane, then tracks the direction of the released cytoskeleton forces.
6.2.1. LABMEDIA: Figure 1 (Video Editor: Start where 5.1.1 left off and highlight (or show for the first time) the arrow on the OT bead showing upward motion.) Eventually I uploaded also movie measurement2
LABMEDIA: measurement2.avi
6.3. The motion of the bead following a laser induced lesion can be tracked using interferometry.  Shown here are the recorded traces of the bead position over time. Blue, green and red traces represent the bead position along x, y, and z axes, respectively.
6.3.1. LABMEDIA: Figure 2B 
6.4. In contrast, the stage drift in the x and y-directions can be seen here with a much smaller scale y-axis.

6.4.1. LABMEDIA: Figures 2B and 2C (Video Editor: Shift 2B up so that 2C can also fit on the screen.) 

6.5. Following the creation of a lesion, the axon diameter changes over time. Shown on the right is a kymograph of the axon diameter from a time series of images like the one on the left.  The line scan location is indicated by the white line in the image on the left.

6.5.1. LABMEDIA: Figure 3a (Video Editor: Highlight the white line when mentioned.)
6.6. The mean intensity of the keymograph represents an estimate of the axon diameter taken from recorded images during tension release.  The Variance, shown below, increases with the neurite diameter during accumulation of material upstream the lesion site.
6.6.1. LABMEDIA: Figure 3b-c (Highlight the y-labels when mentioned by the text.)

6.7. The white box shown here indicates the estimation of the neurite contact area with the culture support. This is calculated between the UV laser spot position and the center of the trapped probe. 
6.7.1. LABMEDIA: Figure 4a (Video Editor: Highlight the Left side of the box with the mention of “the UV laser spot position” and the right hand side with the mention of “the center of the trapped probe”.)
6.8. The total released force can be obtained after multiplying the drift-corrected displacement traces by the respective optical trap stiffness, shown here.  The difference between force measured at time t1 and t0 divided by the neurite contact area gives an estimation as to the amount of tension released in pN/μm2.
6.8.1. LABMEDIA: Figure 4a-b (Video Editor: Shift 4a to the left and add the graph in 4b. Highlight ΔpN in figure 4b with the mention of “difference between force measured at time t1 and t0” )

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
7. Conclusion (said by authors on camera)
Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line. You may revise the given prompts if necessary to better fit your protocol.
7.1. Author name DIFATO FRANCESCO: After its development, this technique paved the way for researchers in the field of biophysics to explore how the mechanical coupling between cells and substrates are affected in pathological conditions, or to design implantable scaffolds with distinct mechanical or chemical properties influencing the adhesion of the cells to the substrate.          
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.
2.6 – phase1.avi

2.7 – phase2.avi

3.3 – phase3.avi

4.7 – Measurement.avi

6.2.1 – Measurement2.avi
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


