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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  N
Can you record movies/images using your own microscope camera? (Y/N)  Y
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.

2. Does your protocol include software usage? (Y/N)  Y 
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.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot.  
Step 2.2 – step 2.4, step 4.3, step 5.3 and step 7.5 the most important for viewers to see.

4. 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.  
Step 7.5 is most difficult aspect of this procedure, in our procedure, we use reference arrow to indicate the position of femtosecond laser so that it can make sure femtosecond laser is able to stimulate single mitochondria stucture.

5. Will the filming need to take place in multiple locations? (Y/N)  N 


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements:  

Why is your protocol significant? OR What key questions can this method help answer? 

1.1. Shaoyang Wang: Optical methods such as optogenetics can provide precise modulation of cellular molecular signals. Our protocol demonstrate an all-optical manipulation of cellular signaling molecules by femtosecond-laser stimulation.  


What is the main advantage of this technique?

1.2. Shaoyang Wang: By coupling a femtosecond laser into a confocal microscope, our technique can provide single cell or subcellular level operation by femtosecond-laser stimulation and real-time molecular dynamic monitoring by confocal microscopy.  


OPTIONAL Interview Statements:     

Can this method be applied to any other systems?

1.3. Hao He: This method can be applied to any fluorescent imaging systems by coupling a femtosecond laser into the system in a proper manner.  
 

Do you have any advice to offer to somebody who is trying this technique for the first time?

1.4. Hao He: For a person who is trying our method for the first time, please follow the safety instructions of the laser facility or seek guidance from professionals when operating a femtosecond laser source.  

 





Section - Protocol
2. Setting up the Photostimulation System
2.1. To begin, turn on the femtosecond laser and the confocal microscope.[1] Use reflective mirrors to direct femtosecond laser beam through a mechanical shutter.[2]
2.1.1. MED: Talent turns on the laser and microscope
2.1.2. CU: Talent points out RM1 and RM2
2.2. [bookmark: _GoBack][1] [2]  
2.2.1. MED: Talent opens the shutter and points to the beam splitter
2.2.2. CU: Talent adjusts/points out RM2 and the BS described above
2.3. Next, set a relay telescope consisting of a pair of lenses to expand the transmission beam width.  This should be consistent with the back aperture of the objective.[1]
2.3.1. CU: Talent adjusts/points out the relay telescope 
2.4. Now, steer the reflective mirrors to align the expanded beam into microscope.[1] Adjust the two reflective mirrors pointed out here to tune the focus of femtosecond laser to the center of the field of view.[2] 
2.4.1. CU: Talent points out the described reflective mirrors
2.4.2. CU: Talent points out RM4 and RM5
2.5. Finally, measure and tune the lasers as described in the accompanying text protocol.[1-TXT]
2.5.1.  MED: Talent tunes the laser TEXT: See text protocol for details
3. Preparing for Activation of ERK2 by Photostimulation 
3.1. Culture Hela cells using standard techniques. [1] When ready to perform the experiment, transfect the cells with ERK2-GFP (pronounced: “erk-2-G-F-P”) as described in the accompanying text protocol. [2]
3.1.1. MED: Talent removes cells from incubator
3.1.2. MED Over the Shoulder: Talent adds “transfection reagent” to the culture
3.2. Next, turn on the laser-scanning confocal microscope and the femtosecond laser.  Ensure that the laser’s shutter is closed. [1] Then, open the microscope’s software. [2]
3.2.1. MED: Talent turns on the microscope and laser
3.2.2. MED Over the Shoulder: Talent opens the microscope’s software
3.3. Set the excitation laser at 488 nanometers and set its power level at 0.1 milli-Watts. Set the imaging size as 512 by 512 pixels and the interval time of each pixel as 2.4 microseconds.[1]
3.3.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed. Authors, please upload this screen capture to your project page. 
3.4. Then, set the interval time between two frames at 6 seconds to minimize photobleaching and photodamage to cells. Also, set the total imaging frames at around 300 frames to provide about 30 minutes of continuous microscopy in an individual experiment. [1]
3.4.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed. Authors, please upload this screen capture to your project page. 
4. Delivering Femtosecond Laser Stimulation into Target Cells using Stim-A Mode
4.1. Take the dish containing Hela cells transfected with ERK2-GFP from the incubator and put the dish on the microscope stage.[1]
4.1.1. MED: Talent places dish of cells on the microscope stage
4.2. In the software, start fast scanning mode and tune the objective to acquire clear fluorescent images of cells. [1]
4.2.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed. Authors, please upload this screen capture to your project page. 
4.3. Then, stop fast scanning and switch to bright-field imaging mode using the C-C-D camera.  Open the shutter and adjust the distance between the two lenses of the relay telescope to ensure that the diameter of femtosecond laser focus is about 2 microns. Then, close the shutter to complete the adjustment. [1]
4.3.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed. Authors, please upload this screen capture to your project page. 
4.4. Set the power of femtosecond laser at 15 to 40 milli-Watts for an 810 nanometer laser or at 20 to 60 milli-Watts for a 1040 nanometer laser.  Then, set the shutter opening time at 0.05 to 0.2 seconds. [1]
4.4.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed. Authors, please upload this screen capture to your project page. 
4.5. Use fast scanning mode to select a target cell that is strongly expressing ERK2-GFP.  Once found, move the stage in order to localize the cytosol area of the selected target cell so that it is at the center of field of view when under bright-field imaging. [1]
4.5.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed. Authors, please upload this screen capture to your project page. 
4.6. Once centered, click on the Start button to begin continuous imaging... [1]
4.6.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed. Authors, please upload this screen capture to your project page. 
4.7. Open the shutter at any pre-defined time slot to deliver the femtosecond laser stimulation into the target cell.  When the imaging process is complete, save the imaging data for further analysis. [1]
4.7.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed. Authors, please upload this screen capture to your project page. 
5. Delivering Femtosecond Laser Stimulation into Target Cells using Stim-B Mode
5.1. Set the power of femtosecond laser at 15 to 40 milli-Watts and 810 nanometers and 20 to 60 milli-Watts and 1040 nanometers at the specimen. [1]
5.1.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed. Authors, please upload this screen capture to your project page. 
5.2. Then, take the dish containing cells transfected with ERK2-GFP from the incubator and put it on the microscope stage.[1]  Use fast scanning mode to select a target cell well expressing ERK2-GFP.[2]
5.2.1. MED: Talent places dish of cells on the microscope stage
5.2.2. SCREEN: To be provided by the authors – Screen capture video as talent uses fast scanning mode to select a target cell. Authors, please upload this screen capture to your project page. 
5.3. Then, set the confocal imaging process and define a special scanning frame as the stimulation frame in the imaging process. Define the parameter of the simulation frame. Set a scanning region of 2 by 2 to 3 by 3 square microns at the cytosol area close to the nucleus in the target cell. [1]
5.3.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed. Authors, please upload this screen capture to your project page. 
5.4. Set total scanning time at 0.1 to 0.2 seconds. Synchronize the shutter of the femtosecond laser with that of the confocal scanning according to the predefined photostimulation area, which is only open when the laser scanning drops in the stimulation frame.  Close the shutter immediately when the laser goes out. [1]
5.4.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed. Authors, please upload this screen capture to your project page. 
5.5. Click the Start bottom to start continuous microscopy imaging progress. When the imaging process is complete, save the imaging data for further data analysis. [1]
5.5.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed. Authors, please upload this screen capture to your project page. 
6. Activation of Mitoflashes and other Mitochondrial Events by Photostimulation
6.1. Shaoyang Wang: “To observe mitochondrial morphological dynamics, transfect Hela cells with Mito-GFP to fluorescently indicate mitochondria, or with mt-cpYFP to observe mitoflashes.”[1]
6.1.1. INTERVIEW: Author says the above statement interview style
6.2. Following transfection, turn on femtosecond laser and ensure the shutter is closed.  Then, turn on the laser-scanning confocal microscope.[1]
6.2.1. MED: Talent turns on the laser, checks the shutter, and turns on the microscope 
6.3. Set excitation laser at 488 nanometers. Then, set the power level of the 488 nanometer laser at 0.1 milli-Watt. Additionally, set imaging size to 512 × 512 pixels and the total imaging time of each frame to 2.2 seconds. [1]
6.3.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed. Authors, please upload this screen capture to your project page. 
6.4. Then, set the interval time between two frames at 0 seconds and the total imaging frames as 200 frames to provide about 440 seconds of continuous microscopy in an individual experiment. [1]
6.4.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed. Authors, please upload this screen capture to your project page. 
7. Delivering Femtosecond Laser Stimulation into the Target Mitochondrion using Stim-A Mode
7.1. Take the dish containing cells transfected with Mito-GFP or mitochondrial targeted circularly permuted yellow fluorescent protein from the incubator [1] and put the dish on the microscope stage.[2]
7.1.1. MED: Talent takes dish from incubator
7.1.2. CU: Talent places dish on the stage  
7.2. Check the status of femtosecond laser to ensure that the focus of the femtosecond laser is located in the center of field of view. Then, set a reference arrow at the center of the fluorescent imaging window to indicate the position of the focus. [1]
7.2.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed. Authors, please upload this screen capture to your project page. 
7.3. Next, set the power of the femtosecond laser at 5 to 30 milli-Watts for the laser at 810 nanometers and 10 to 40 milli-Watts for the laser at 1040 nanometers. Set opening time of the shutter to 0.05 to 0.1 seconds. [1]
7.3.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed. Authors, please upload this screen capture to your project page. 
7.4. Use fast scanning mode to select a target cell that is well expressing Mito-GFP or the mitochondrial targeted circularly permuted yellow fluorescent protein.  Select one mitochondrion randomly in the target cell as the experimental subject. [1]
7.4.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed. Authors, please upload this screen capture to your project page. 
7.5. Next, move the microscope stage in order to localize the target mitochondrial tubular structure at the center of the field of view by fast scanning mode, as indicated by the reference arrow. Click the Start button to start continuous imaging. [1]
7.5.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed. Authors, please upload this screen capture to your project page. 
7.6. Finally, open the shutter at any pre-defined time to deliver the femtosecond laser stimulation into the target mitochondrial tubular structure.  Wait until the imaging process is complete and then save the imaging data for further data analysis. [1]
7.6.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed. Authors, please upload this screen capture to your project page. 

Section – Results
8. Results:  Activation of ERK Signaling or Mitochondrial Events in Target Cells
8.1. Using the method presented in this protocol, ERK2 translocates into nucleus after being treated with a short flash of the femtosecond laser. [1]
8.1.1. LABMEDIA: Figure 5a
8.2. ERK2-GFP fluorescence reaches the maximum after several minutes of femtosecond laser simulation. The ERK2 molecules will be dephosphorylated after activating downstream substrates in the nucleus, and then the ERK2 comes back to the cytoplasm indicated by decreasing of nuclear GFP fluorescence.[1]
8.2.1. LABMEDIA: Figure 5b - Video Editor: Highlight the red line and red arrow
8.3. ERK2 can be activated for multiple times by multiple photostimulations. Therefore, it is able to manipulate the ERK2 signal pattern precisely by controlling interval time between multiple stimuli.[1]
8.3.1. LABMEDIA: Figure 5b - Video Editor: Highlight the green line and green arrows
8.4. In addition, ERK2 can be activated in adjacent cells around the stimulated cell occasionally. This observation indicates that some diffusible molecules may be released by the cell treated with femtosecond laser to activate ERK2 in the adjacent cells.[1]
8.4.1. LABMEDIA: Figure 5c - Video Editor: Highlight the cell 2 and cell 3.
8.5. Phosphorylation of ERK2 downstream protein eIF4E can be confirmed and visualized by immunofluorescence microscopy. This result indicates that femtosecond laser stimulation can successfully activate ERK signaling pathway.[1] 
8.5.1. LABMEDIA: Figure 5d
8.6. Mitochondrial oxidative flashes, or mitoflashes, are oxidative bursts in mitochondria that root from complex molecular dynamics. Implementing this photostimulation scheme resulted in a successful mitoflash excitation.[1]
8.6.1. LABMEDIA: Figure 6a
8.7. This photostimulation also shows varieties of mitochondrial molecular dynamics, including fragmentation and restoration of mitochondrial morphology.[1]
8.7.1. LABMEDIA: Figure 6B
8.8. As well as oscillation of mitochondrial membrane potential. Similar to photo-activated mitoflashes, these mitochondria events have different performance with different power intensities.[1]
8.8.1. LABMEDIA: Figure 6C


Section - Conclusion
9. Conclusion Interview Statements: 

What is most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section this advice correlates to.
9.1. Shaoyang Wang: The most important thing is to make sure that the focus, size, and position of the femtosecond-laser is appropriate for stimulation in cells. (Step: 4.3, 4.5, 5.3, 7.5)   
Are any of the reagents or instruments hazardous? If so, please use this interview statement to remind viewers of what precautions they should take.
9.2. Shaoyang Wang: The NIR femtosecond laser may be hazardous to users, when following this protocol, wear proper protection and prevent the laser from diffusing out from the optical platform. 
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