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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)  -YES
Can you record movies/images using your own microscope camera? (Y/N) YES
2. Does your protocol include software usage? (Y/N) YES
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.
2.4, 2.5, 2.6, 2.8
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. 
2.5 and 2.6
5. Will the filming need to take place in multiple locations? (Y/N) YES
If yes, how far apart are the locations? 
Same building, the lab is in 3rd floor, microscopes are in the ground floor. 


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

1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.	Comment by Anthony Iannazzi: Authors, I removed some of the less important interview statements because – according to JoVE’s style guidelines – each author is only allowed to provide two interview statements in the introduction.

1.1. Adriana Roithova: Here, we applied microinjection of fluorescently labelled RNAs to detect RNA sequences essential for localization of short nuclear RNAs into nuclear structures called Cajal bodies [1].

1.1.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.

1.2. Adriana Roithova:  This technique has two major advantages. First, it can be applied for short RNAs which are otherwise difficult to label and track and second, it allows rapid screening of different sequences and testing their role in RNA localization [1].

1.2.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.







Section - Protocol
2. Injection
2.1. 1 day before microinjection, seed HeLa or other adherent cells on 12 millimeter coverslips to reach 50 percent confluency at the time of microinjection [1].
2.1.1. MED: Talent seeds cells onto the coverslips. Any action in this process can be filmed for this shot.
2.2. To begin, place a prepared coverslip into the center of a Petri dish [1] and add 2 milliliters of culture media [2]. Using a microloader, load 3 microliters of the snRNA mixture into the needle [3] and install the needle into the holder of the microinjector at an angle of 45 degrees with respect to the surface of the Petri dish [4].
2.2.1. CU: Talent places a coverslip in the center of a Petri dish.
2.2.2. MED: Talent adds culture media to the Petri dish.
2.2.3. CU/ECU: Talent uses a microloader to load snRNA into the needle.
2.2.4. CU: Talent installs the needle into the holder of the microinjector.
2.3. Use a 10x long distance objective to find the needle [1]. First, set the speed COARSE on the injector [1] and lower the needle until it touches the culture medium [2].
2.3.1. SCOPE: Scope shot showing the needle being found under a 10x objective.	Comment by Microsoft Office User: We didn’t  take this shot particularly. It’s a general point that is covered in detail by the movie “searching needle.avi”.
2.3.2. MED: Talent sets the speed COARSE on the injector.
2.3.3. SCOPE: Scope shot showing the needle being lowered to touch the culture medium.	Comment by Microsoft Office User: We didn’t take this shot. It was impossible to do it via the microscope. 
2.4. Using the microscope binoculars, find the bright spot, which is the place where the needle touches the culture medium [1]. Change the speed to FINE [2] and further lower the needle while looking into the microscope until the tip of the needle is observed [3]. 
Videographer: The authors have noted that this step is one of the most important for viewers to see.
2.4.1. SCOPE: Scope shot showing the bright spot being found.	Comment by Microsoft Office User: Movie “searching needle.avi” time frame: 0 – 0.5s
2.4.2. MED: Talent changes the speed to FINE.
2.4.3. SCOPE: Scope shot showing the needle being lowered further until the top is seen.	Comment by Microsoft Office User: Movie “searching needle.avi” time frame: 3 – 14s

2.5. Move the needle in the middle of visual field [1] and switch to a 40X long distance objective [2]. After this, select the cell and move the needle above the cell [2] Set the pressure and time for the cell contact [3-TXT].
Videographer: The authors have noted that this step is one of the most important for viewers to see, and one of the most difficult aspects of the procedure.
2.5.1. SCOPE: Scope shot showing the needle being moved into the middle of the visual field. TEXT: See text for Tips and Troubleshooting.	Comment by Microsoft Office User: Movie “searching needle.avi” time frame: 0.5 - 3s

2.5.2. SCOPE: Scope shot showing the objective being switched to a 40X long distance objective.	Comment by Microsoft Office User: We didn’t take this shot. It’s impossible to do it via microscope. 
2.5.3. SCOPE: Scope shot showing the needle being moved above the cell.	Comment by Microsoft Office User: Movie “microinjection.avi” time frame: 0 – 7s

2.5.4. MED: Talent sets the pressure and time for the cell contact.
2.6. Move the needle down into the cell [1-TXT] and then set the lower limit of the micromanipulator [2].
Videographer: The authors have noted that this step is one of the most important for viewers to see, and one of the most difficult aspects of the procedure.
2.6.1. SCOPE: Scope shot showing the needle being moved down into the cell. TEXT: Do not move the needle below the cell.	Comment by Microsoft Office User: Movie “microinjection.avi” time frame: 8 – 11s
2.6.2. MED: Talent sets the lower limit of the micromanipulator.
2.7. Adriana Roithova:  Setting the lower limit is the most critical part of the protocol. Because coverslip surface is not perfect, and because each cell is different, you will have to set the lower limit several times during the injection session. 
2.7.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
2.8. Next, move the needle back above the cell [1] and press the injection button on the joystick of the injector [2]. The needle will move automatically inside the cell to the place where the limit is set to inject the RNA mixture [3].
Videographer: The authors have noted that this step is one of the most important for viewers to see.
2.8.1. SCOPE: Scope shot showing the needle being moved back above the cell.	Comment by Microsoft Office User: Movie “microinjection.avi” time frame: 11 - 13s
2.8.2. CU: Talent presses the injection button.
2.8.3. SCOPE: Scope shot showing the needle moving inside the cell and injecting the RNA.	Comment by Microsoft Office User: Movie “microinjection.avi” time frame: 16 – 57s
Note: The cell injected at time ~40s “exploded”. It shows what could happen if the injection pressure is too high. 
2.9. To finish, push the MENU button on the injector [1] and remove the needle from the holder [2]. Then, disconnect the tube from the injector [3] before switching off the injector and the micromanipulator [4].
2.9.1. MED: Talent pushes the MENU button the injector.
2.9.2. CU: Talent removes the needle from the injector.
2.9.3. MED: Talent disconnects the tube from the injector.
2.9.4. MED: Talent turns off the injector and micromanipulator.
3. Visualization of Microinjected snRNAs
3.1. After the microinjection, return the cells to a carbon dioxide incubator and incubate at 37 degrees Celsius for 1 hour [1]. Next, rinse the cells three times with PBS at room temperature [2].
3.1.1. MED: Talent places the cells into an incubator.
3.1.2. MED: Talent rinses the cells with PBS.
3.2. Fix the cells for 20 minutes with 4 percent paraformaldehyde in 0.1 molar PIPES at pH 6.9 [1]. Then, wash the cells three times with room temperature PBS [2]. If only snRNA localization is analyzed, briefly rinse the cells in water [3] and mount in a mounting medium with DAPI [4].
3.2.1. MED: Talent adds paraformaldehyde to the cells.
3.2.2. MED: Talent washes the cells in PBS.
3.2.3. MED: Talent rinses the cells with water.
3.2.4. MED: Talent mounts the cells with mounting medium.
3.3. In case of additional protein localization, permeabilize the cells with 0.5 percent Triton-X100 in PBS for 5 minutes at room temperature [1]. Rinse three times with PBS, stain with appropriate primary and secondary antibodies (rinse three times with PBS between antibody incubation). RThen rinse the cells three times with PBS and once rinse in water [2]. After this, mount the cells in a mounting medium with DAPI [3].
3.3.1. MED: Talent permeabilizes the cells with Triton-X100 in PBS.
3.3.2. MED: Talent rinses the cells with PBS or water.
3.3.3. MED: Talent mounts the cells with mounting medium.
4. Microscopy
4.1. When ready to image, use a high-end fluorescence microscopic system equipped with an immersion objective to acquire the images [1-TXT]. Once the microinjected cells are identified, collect a stack of 20 z-sections with 200 nanometer z steps per sample, and subject to mathematical deconvolution [2] [3].
4.1.1. MED: Talent approaches the high-end fluorescence microscopic system with the slides in hand. TEXT: Store slides at 4 C until imaging.
4.1.2. MED: Talent collects a stack of z-sections.
4.1.3. SCREEN: *To be provided by authors: Show z-sections being collected. Authors, please upload all recorded screen capture videos to your project page.	Comment by Microsoft Office User: This was taken by Gerald during shooting session.
4.2. To quantify the fluorescent signal, draw the Region of Interest around a Cajal body identified by coilin immunostaining. Measure the intensity of the snRNA signal in the coilin-defined ROI. Next, determine the intensity of snRNA fluorescence in ROI randomly placed in the nucleoplasm and calculate the ratio of RNA signal in the Cajal body and nucleoplasm [1].
4.2.1. SCREEN: *To be provided by authors: Show the Region of Interest being drawn around a Cajal body. Show the snRNA signal intensity being measured. Show the intensity of the fluorescence being determined and the RNA signal ratio being calculated. Authors, please upload all recorded screen capture videos to your project page	Comment by Microsoft Office User: We uploaded 8 printscreens showing step-wise how to measure fluorescence inside cellular compartments.







Section – Results
5. Results: Analysis of Spliceosomal snRNA Localization in Human Hela Cells 
5.1. In this study, fluorescently labelled snRNAs are microinjected in order to monitor their transport inside the cell [1]. To test whether the Sm (“S-M”) site is important for Cajal body accumulation, snRNA lacking the Sm site is microinjected directly into the nucleus [2].
5.1.1. LAB MEDIA: Figure 1.
5.1.2. LAB MEDIA: Figure 1. Video Editor: Emphasize Figure 1A.
5.2. Injection into the cytoplasm serves as a control [1], while full-length snRNA is microinjected to serve as a positive control [2].
5.2.1. LAB MEDIA: Figure 1. Video Editor: Emphasize Figure 1B.
5.2.2. LAB MEDIA: Figure 1. Video Editor: Emphasize Figures 1C and 1D.
5.3. After incubation, microinjected cells are fixed and the Cajal body marker coilin is visualized by indirect immunofluorescence [1]. The full-length snRNA accumulated in Cajal bodies after both nuclear and cytoplasmic injections [2].
5.3.1. LAB MEDIA: Figure 1.
5.3.2. LAB MEDIA: Figure 1. Video Editor: Emphasize Figures 1C and 1D.
5.4. In contrast, snRNA lacking the Sm site remained in the cytoplasm after microinjection into this compartment [1], while the nuclear microinjection of snRNA without the Sm site reveals that the Sm binding sequence is important for Cajal body localization as this snRNA remains in the nucleus but does not accumulate in Cajal bodies [2].
5.4.1. LAB MEDIA: Figure 1. Video Editor: Emphasize Figures 1B.
5.4.2. LAB MEDIA: Figure 1. Video Editor: Emphasize Figures 1A.
5.5. Sometimes, the microinjection into only one cellular compartment fails [1], and TRICT-dextran-70kDa can be found in both the nucleus and the cytoplasm. These cells are discarded from further analysis [2].
5.5.1. LAB MEDIA: Figure 2.
5.5.2. LAB MEDIA: Figure 2. Video Editor: Emphasize Figure 2A.
5.6. Despite the fact that the fluorescently labelled snRNAs are stored at -80 degrees Celsius before the injection, RNA degradation can occur. Degraded snRNA injected into the cytoplasm is not transported into the nucleus and stays localized in the cytoplasm. Such snRNA should be discarded, and new snRNA should be synthesized [1].
5.6.1. LAB MEDIA: Figure 2. Video Editor: Emphasize Figure 2B.



Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
6.1. Adriana Roithova: It is important to correctly adjust injection and compensating pressures for your cell type. And as said before, setting correct lower limit for cell injection is essential for good microinjection [1].
6.1.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
6.1.2. Shot shots from 2.3 and 2.4 that show the talent adjusting the injection/compensating pressures. Use whichever shots look best.
6.2. Adriana Roithova: Please remember that the phenol/chloroform used during RNA isolation is dangerous, and that the microinjection needle is a sharp object. Be careful when handling these materials [1].
6.2.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
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