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A.  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_____  
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N_____ 
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.) _5.2, 6.1, 6.3, 7.5, 7.6_________________________________________
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.
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.) _______5.2.2____________________
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) _Y______ If yes, how far apart are the locations? _____10 min walking distance_______________________________________

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. Qinglu Zeng: This method can help answer key questions on the protein localization and dynamics in photosynthetic organisms [1-INT].
1.1.1. Qinglu Zeng says the statement above in an interview-style shot, looking slightly off camera.

B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.2. Yuanchao Zhan:  By combining the photobleaching method with super-resolution microscopy, we are able to observe the protein dynamic of photosynthetic organisms in remarkable detail [1-INT].
1.2.1. Yuanchao Zhan says the statement above in an interview-style shot, looking slightly off camera.
1.3. Yuanchao Zhan: This method not only provides insight into protein dynamics in Prochlorococcus, it can also be applied to other photosynthetic organisms, containing proteorhodopsin and bacteriochlorophyll [1-INT].
1.3.1. Yuanchao Zhan says the statement above in an interview-style shot, looking slightly off camera.
C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.4. **Qinglu Zeng: Demonstrating the procedure will be Yanxin Liu, a (grad student) from my laboratory. (Add additional mention of demonstrators as necessary).  
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. Sample Preparation and Fixation
2.1. To begin, add 5 mL of seawater-based Pro99 medium to a culture flask [1-MED-TXT], and inoculate it with 1 mL of Prochlorococcus MED4 (pronounce “pro-chloro-cock-us med-four”) [2-MD]. Grow the Prochlorococcus at 23 °C under a light with an intensity of 35 µmol photons/m2s [3-MED].
2.1.1. Establishing shot of the talent approaching the laboratory bench, and then adding the mentioned medium to a culture flask. TEXT: Moore, L.R., et al. Limnology and Oceanography. (2002).
2.1.2. Talent inoculates the medium in the culture flask with 1 mL of Prochlorococcus MED4.
2.1.3. Talent transfers the culture to an incubator at 23 °C and a light with the mentioned intensity.
Voiceover Talent: If you are having difficulty with the name of the organism, see https://www.howtopronounce.com/prochlorococcus/
2.2. After 5 days, collect 1 mL of the culture into a 1.5 mL tube [1-MED]. Add 100 µL of freshly prepared formaldehyde to the tube to fix the culture [2-MED-TXT]. Incubate in the dark, at room temperature, for 20 minutes [3-MED].
2.2.1. Talent collects some of the culture into a 1.5 mL tube.
2.2.2. Talent adds freshly prepared formaldehyde to the tube. TEXT: See text for details on preparing the formaldehyde.
2.2.3. Talent transfers the tube to a drawer to incubate.
2.3. Then, spin down the sample at 13,500 x g for 1 minute [1-MED]. Remove the supernatant and re-suspend the cells in 100 µL of Pro99 medium [2-MED]. Store the sample at 4 °C in the dark until ready to perform immunostaining [3-MED].
2.3.1. Talent places the tube into a centrifuge, and then closes the centrifuge lid.
2.3.2. Talent re-suspends the cells in 100 µL of Pro99 medium. The supernatant should be removed prior to this shot.
2.3.3. Talent places the tube (containing the re-suspended cells) into a refrigerator at 4 °C.
3. Precoating of the Coverslip with Polystyrene Beads and Coating of Poly-L-lysine onto the Bead-coated Coverslip 
3.1. First, vortex the vial of polystyrene beads [1-MED]. Using 50% ethanol, prepare a 1-to-20,000 dilution as a working slurry [2-MED].
3.1.1. Talent vortexes the vial of polystyrene beads.
3.1.2. Talent adds the ethanol solution and the beads together to prepare the described working slurry. Any step taking while preparing this slurry can be shown here.
3.2. Turn on the hot plate, and set the temperature to 120 °C [1-MED]. Next, place the coverslips onto the hotplate [2-MED].
3.2.1. Talent turns on the hotplate, and adjusts the temperature to 120 °C.
3.2.2. Talent places the coverslips onto the hotplate.
3.3. Load 100 µL of the working slurry onto each coverslip [1-CU], and incubate the coverslips on the hotplate for 10 minutes [2-MED]. Then, carefully transfer the coverslips to Petri dishes – bead-side up – for storage at room temperature [3-MED].
3.3.1. Close up of a slide as the talent loads working slurry onto it.
3.3.2. Talent sets a timer for 10 minutes. The coverslips – on the hotplate – should be clearly visible in this shot.
3.3.3. Talent transfers the coverslips to Petri dishes.
3.4. When ready to coat the coverslips, retrieve one – making sure that it is bead-side up [1-MED]. Add 100 µL of a 1 mg/mL poly-L-lysine solution to the center of the coverslip [2-MED], and let it sit at room temperature for 30 minutes [3-CU].
3.4.1. Talent retrieves a slide (which is in a Petri dish) and checks to ensure it is bead-side up. A close up of the slide can be filmed here as well, to illustrate that the coverslip is bead-side up.
3.4.2. Talent adds the poly-L-lysine solution to the center of the coverslip.
3.4.3. Close up of the coverslip, in the Petri dish, as it sits. Optionally, have a timer in the shot as well (the timer should just be counting down from 30 minutes)
3.5. After this, use a pipette to carefully aspirate any unattached poly-L-lysine and transfer it to a 1.5 mL tube [1-MED]. Store this poly-L-lysine at 4 °C for later use [2-MED].
3.5.1. Talent uses a pipette to aspirate the unattached poly-L-lysine and transfers it to a 1.5 mL tube.
3.5.2. Talent places the tube of poly-L-lysine to a refrigerator at 4 °C.
3.6. Rinse the coverslip with 10 mL of ultra-filtered water in a 60 mm Petri dish [1-CU], and then briefly dry it with a paper towel [2-MED/CU].
3.6.1. Talent rinses the coverslip with ultra-filtered water.
3.6.2. Talent dries the coverslip with a paper towel.
4. Immobilization of Cells on the Coverslip and Permeabilization of Cyanobacterial Cells 
4.1. Transfer the coated coverslip to a new Petri dish with parafilm at the bottom, which will be used as the staining dish [1-MED]. Load 100 µL of the fixed sample onto the coverslip, and let it sit for 30 minutes to allow cell attachment [2-MED].
4.1.1. Talent transfers the coated coverslip to a new Petri dish with parafilm at the bottom.
4.1.2. Talent loads the fixed sample onto the coverslip, and then sets the coverslip (in its Petri dish) aside to sit for 30 minutes.
4.2. Next, use a paper towel to absorb the remaining solution, and then transfer the coverslip to a well in a 12-well plate for washing [1-MED]. Add 1 mL of PBS buffer to the well to wash the coverslip [2-CU], then remove the PBS and add 1 mL of fresh PBS to wash the coverslip a second time [3-MED].
4.2.1. Talent absorbs the remaining solution on the slice and then transfers the coverslip to a well in a 12-well plate.
4.2.2. Close up as the talent adds PBS buffer to the well to wash the coverslip.
4.2.3. Talent removes the PBS from the well, and replaces it with fresh PBS.
4.3. Use a pipette to remove the PBS [1-MED], and replace it with 1 mL of freshly prepared permeabilization buffer [2-MED-TXT]. Incubate the washing dish at 37 °C for 20 minutes [3-MED]. Then, remove the permeabilization buffer [3-MED].
4.3.1. Talent uses a pipette to remove the PBS.
4.3.2. Talent adds freshly prepared permeabilization buffer. TEXT: See text for buffer composition.
4.3.3. Talent places the washing dish into an incubator at 37 °C.
4.3.4. Talent removes the permeabilization buffer from the well of the plate.
4.4. Begin the washing process by adding 1 mL of fresh PBS buffer [1-MED]. Place the washing dish on a shaker to gently agitate the dish for 5 minutes [2-MED]. After this, remove the PBS, and repeat the washing process three times [3-MED].
4.4.1. Talent adds PBS to the well of the washing dish.
4.4.2. Talent places the washing dish on a shaker. Show the dish being shaken if possible.
4.4.3. Talent removes the PBS from the well of the washing dish, and replaces it with fresh PBS.
5. Photobleaching of the Chlorophyll Pigments in a Blocking Step 
5.1. Transfer the washed coverslip to the staining dish [1-MED]. Add 50 µL of blocking buffer on the top of the coverslip [2-CU-TXT].
5.1.1. Talent transfers the coverslip to the staining dish.
5.1.2. Close up as the talent adds blocking buffer on top of the coverslip. TEXT: See text for buffer composition.
5.2. Place the entire staining dish on ice [1-MED], and then move it under the xenon light source for photobleaching for at least 60 minutes [2-MED-TXT].
5.2.1. Talent places the entire staining dish on ice.
5.2.2. Talent moves the staining dish, now on ice, underneath the xenon light. TEXT: Light intensity: 1,800 µmol photons/m2·s; Wear eye protection while using the xenon light
5.3. After photobleaching and blocking [1-MED], use the edge of a paper towel to remove the blocking buffer [2-CU].
5.3.1. Talent retrieves the staining dish from underneath the xenon light.
5.3.2. Close up as the talent uses the edge of a paper towel to remove the blocking buffer.
6. Antibody Binding
6.1. First, dilute 1 µL of anti-FtsZ (pronounce “anti-fis-Z”) antibody into 99 µL of blocking buffer [1-MED-TXT]. Place 50 µL of the diluted primary antibody onto the coverslip, and incubate it at room temperature for 30 minutes [2-MED].
6.1.1. Talent approaches the lab bench, and dilutes 1 µL of anti-FtsZ antibody into 99 µL of blocking buffer. TEXT: See text for details on preparing the primary antibody.
6.1.2. Talent places the diluted primary antibody onto the coverslip, and then sets it aside to incubate at room temperature for 30 minutes.
6.2. Transfer the coverslip to a well of the washing dish [1-MED]. To begin the wash, add 1 mL of PBS [2-MED]. Then, transfer the washing dish to a shaker and gently shake it for 5 minutes [3-MED]. Remove the PBS – and repeat the entire washing process three times [4-MED].
6.2.1. Talent transfers the coverslip to a well of the washing dish.
6.2.2. Talent adds PBS to the well of the washing dish.
6.2.3. Talent places the washing dish on a shaker. Show the dish being shaken if possible.
6.2.4. Talent removes the PBS from the well of the washing dish, and replaces it with fresh PBS.
6.3. Next, transfer the coverslip to the staining dish [1-MED]. Place 50 µL of the diluted secondary antibody onto the coverslip [2-MED], and incubate it in the dark and at room temperature for 30 minutes.
6.3.1. Talent transfers the coverslip to the staining dish.
6.3.2. Talent places the diluted secondary antibody onto the coverslip. TEXT: See text for details on preparing the secondary antibody.
6.3.3. Talent wraps the staining dish in aluminum foil (to protect it from light) to incubate.
6.4. Transfer the coverslip back to the washing dish [1-MED]. To begin the wash, add 1 mL of PBS [2-CU]. Wrap the washing dish in aluminum foil to protect it from light [3-MED]. Transfer the place to the shaker, and gently shake the plate it for 5 minutes [4-MED]. Remove the PBS, and repeat the entire washing process three times [5-MED].
6.4.1. Talent transfers the coverslip to the washing dish.
6.4.2. Talent adds PBS to the well of the washing dish.
6.4.3. Talent wraps the washing dish in aluminum foil
6.4.4. Talent transfers the covered dish to the shaker. Show the plate shaking a bit if possible.
6.4.5. Talent removes the PBS from the well of the washing dish, and replaces it with fresh PBS.
7. Image Acquisition of STORM Data
7.1. Immediately before the STORM imaging, prepare 1 mL of imaging buffer as outlined in the text protocol [1-MED].
7.1.1. Talent prepares the imaging buffer. Any action taken during this preparation will be acceptable to show here.
7.2. Load the coverslip into the loading chamber [1-CU]. Add the freshly prepared imaging buffer – being gentle to avoid washing off the cyanobacterial cells [2-CU/MED].
7.2.1. Close up of the talent loading the coverslip into the loading chamber.
7.2.2. Close up as the talent adds the imaging buffer on top of the coverslip.
7.3. After this, place a rectangular coverslip on top of the imaging buffer to prevent it from reacting with the oxygen in the air [1-CU-TXT]. Turn on the camera, the LED light, and the laser [2-MED], and open the STORM software [3-MED-over the shoulder-TXT].
7.3.1. Close up as the talent places a rectangular coverslip on top of the imaging buffer. TEXT: Avoid trapping air bubbles under the coverslip.
7.3.2. Talent turns on the mentioned devices. Not all of them need to be shown, so film the talent during on whichever are convenient to show.
7.3.3. Talent, at the workstation computer, opens the STORM software. TEXT: Zhao, T. et al. Optics Express. (2015).
7.4. Add half a drop of immersion oil on top of the lens [1-CU]. Load the chamber – making sure that the objective lens is making contact with the coverslip [2-CU] – and examine the signal with a 750 nm laser [3-MED-over the shoulder].
7.4.1. Close up as the talent adds half a drop of immersion oil on top of the lens.
7.4.2. Close up as the talent loads the chamber, showing that the objective lens is making contact with the coverslip. Alternatively, film the talent performing these actions as a MED shot.
7.4.3. Talent, at the workstation computer, reviews the signal with a 750 nm laser.
7.5. Identify a sample area that contains both cells and fiducial markers. Then, start the software for sample drifting correction. Acquire one wide-filed images as a reference, with the camera electron multiplication gain at 300 and an exposure time of 30 milliseconds [1-SCREEN].
7.5.1. *To be provided by authors: Screen Capture – Identify a sample area that contains both cells and fiducial markers. Then, start the software for sample drifting correction. Acquire one wide-filed images as a reference, with the camera electron multiplication gain at 300 and an exposure time of 30 milliseconds.  Authors: Please upload the Screen Capture video to your upload link.
7.6. Increase the 750 nm excitation laser intensity to approximately 4.5 kW/cm2. Once the fluorophores have transitioned into a sparse blinking pattern, acquire one super-resolution image by collecting 10,000 frames at 33 Hz [1-SCREEN].
7.6.1. *To be provided by authors: Screen Capture – Increase the 750 nm excitation laser intensity to approximately 4.5 kW/cm2. Once the fluorophores have transitioned into a sparse blinking pattern, acquire one super-resolution image by collecting 10,000 frames at 33 Hz. Authors: Please upload the Screen Capture video to your upload link.
7.7. Then, reconstruct the super-resolution images from the raw data, as outlined in the text protocol [1-MED-over the shoulder].
7.7.1. Talent, at the workstation computer, reviews a previously reconstructed super-resolution image. Alternatively, the talent can be filmed as they go through the steps of reconstructing the images.

8. Results: Super-resolution Imaging of the FtsZ Ring in the Cyanobacterium Prochlorococcus
8.1. In this study, STORM is used to achieve super-resolution imaging by activating individual photoswitchable fluorophores stochastically [1-LM]. The location of every fluorophore is recorded, and a super-resolution image is then constructed based on these locations [2-LM-TXT].
8.1.1. LAB MEDIA: Figure 2_v3.tif
8.1.2. LAB MEDIA: Figure 2_v3.tif. TEXT: van de Linde, S. et al. Nature Protocols. (2011).
8.2. While the absorption spectra of Prochlorococcus peaks at 447 and 680 nm and has minimum absorption above 700 nm [1-LM-TXT], Prochlorococcus MED4 cells still emit high autofluorescence when exposed to an extremely high intensity of the 750 nm laser – which is required for STORM imaging [2-LM].
8.2.1. LAB MEDIA: Figure 3_v3.tif. TEXT: Ting, C.S., et al. Trends in Microbiology. (2002).
8.2.2. LAB MEDIA: Figure 3_v3.tif – Emphasize/Zoom in on Figure 3A so that it is the focus.
8.3. After using the photobleaching method described here for 30 minutes, the cells’ autofluorescence is seen to decrease – although several cells with autofluorescence are still detected [1-LM]. 
8.3.1. LAB MEDIA: Figure 3_v3.tif – Emphasize/Zoom in on Figure 3B so that it is the focus.
8.4. Elongating the photobleaching to 60 minutes results in the majority of the cells losing their autofluorescence. These results indicate that the developed photobleaching method is capable of greatly reducing the autofluorescence of photosynthetic organisms [1-LM].
8.4.1. LAB MEDIA: Figure 3_v3.tif – Emphasize/Zoom in on Figure 3C so that it is the focus.
8.5. After photobleaching, STORM is used to visualize the cell division protein FtsZ in the cells. Using STORM, a detailed morphology of the FstZ ring is revealed [1-LM].
8.5.1. LAB MEDIA: Figure4_v3.tif
8.6. By rotating the 3D STORM images, four different types of morphologies were identified [1-LM]…clusters [2-LM]…an incomplete ring [3-LM]…a complete ring [4-LM]…and double rings [5-LM].
8.6.1. LAB MEDIA: Figure4_v3.tif
8.6.2. LAB MEDIA: S1.avi
8.6.3. LAB MEDIA: S2.avi
8.6.4. LAB MEDIA: S3.avi
8.6.5. LAB MEDIA: S4.avi

8. Conclusion (said by authors on camera)
8.1. [bookmark: _GoBack]Yuanchao Zhan: It’s important to remember that the light intensity and duration of the photobleaching may differ for different organisms [1-INT].
8.1.1. Yuanchao Zhan says the statement above in an interview-style shot, looking slightly off camera.
8.1.2. Use pieces of 5.2.2 to illustrate the photobleaching processing while the interview voiceover plays.
8.2. Qinglu Zeng: After its development, this technique paved the way for researchers who wants to understand the protein organization and potential function the protein organization in photosynthetic cells in detail [1-INT].
8.2.1. Qinglu Zeng says the statement above in an interview-style shot, looking slightly off camera.


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.
7.3 –Figure 3A.tif - Prochlorococcus MED4 without photobleaching
7.4 – Figure 3B.tif - Prochlorococcus MED4 in 30 mins
7.5 – Figure 3C.tif - Prochlorococcus MED4 in 60 mins
7.7 –Figure 4.tif – Representative STORM images of four FtsZ ring morphologies.
7.7 – S1 – Clusters of FtsZ proteins observed in Prochlorococcus MED4 cells.
7.7 –S2 – An incomplete ring of FtsZ proteins observed in Prochlorococcus MED4 cells.
7.7 – S3 – A complete ring of FtsZ proteins observed in Prochlorococcus MED4 cells.
7.7 – S4 – A double-ring of FtsZ proteins observed in Prochlorococcus MED4 cells.

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.
 2018, Journal of Visualized Experiments

