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A.  Will you require JoVE to record video microscopy? N
B.   Does your protocol include software usage? N
C.  Which steps of your protocol will viewers benefit most from having filmed? 
2.10., 2.11., 2.13., 2.14., 3.3., 3.5..
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  2.11.
E.  Will the filming need to take place in multiple locations? Y, same building different floors



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. Experimental Goal (read by voice talent at JoVE):

The overall goal of this procedure is to capture membrane dynamics by electron microscopy, following induction of neuronal activity using optogenetics and freezing cells at defined time points after stimulation. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Shigeki Watanabe: This method can help answer key questions in the neuroscience and cell biology fields about the mechanisms of synaptic vesicle recycling. 
1.2. Shigeki Watanabe: The main advantage of this technique is that morphological changes within a cell can be visualized with millisecond temporal resolution in electron micrographs. 

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. Shigeki Watanabe: Demonstrating the procedure will be Shuo Li, a graduate student, and Sumana Raychaudhuri, a research associate, both from my laboratory. 
1.3.1. Interview style: Author saying the above 
1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.4. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Johns Hopkins University.


Protocol (read by voice talent at JoVE):

2. Flash-and-Freeze

2.1. Before preparing the fixative, label 2 mL cryogenic vials with a pencil according to their specimen numbers [1-WIDE].

2.1.1. Few seconds Talent labeling vial(s) 

2.2. Then combine all of the fixative reagents [1-MED-TXT] and aliquot 1 mL volumes of the fixative into each vial [2-MED].

2.2.1. Few seconds Talent mixing fixative, with fixative component containers visible in frame (TEXT: See text for all reagent preparation details)
2.2.2. Few seconds fixative being added to at least one tube, with fixative container label visible in frame

2.3. After capping the tubes, immediately submerge fixatives in liquid nitrogen [1-CU] and store the vials in a closed Styrofoam box [2-MED-over the shoulder].

2.3.1.1.  Few seconds tube being frozen
2.3.1.2.  Talent covering box, with tubes visible in box

2.4. Next, fill an automated freeze substitution unit and high-pressure freezer with liquid nitrogen [1-MED].

2.4.1. Few seconds Talent filling unit or freezer with liquid nitrogen, with both unit and freezer visible in frame if possible 

2.5. Then place a small container of acetone into the specimen chamber of the freeze substitution unit [1-MED] and wait until the temperature of the substitution unit reaches -90 °C [2-CU].

2.5.1. Few seconds Talent placing acetone into specimen chamber
2.5.2. Shot of 90 °C temperature readout

2.6. To program the light stimulation protocol, click “Edit” in the light stimulation window of the touch screen monitor [1-CU]. Another window will open [2-CU].

2.6.1. Edit being clicked (Videographer: Combine 2.5.1. and 2.5.2 as appropriate)
2.6.2. Window opening (Videographer: Combine 2.5.1. and 2.5.2 as appropriate)

2.7. Enter “15 seconds” for the “dark phase”, “100 milliseconds” for the “period”, “10 milliseconds” for the “pulse” and “1” for the “number of periods” for a single 10 millisecond stimulus [1-CU-TXT].

2.7.1. 15 seconds being entered, then 100 milliseconds being entered, then 10 milliseconds being entered, then 1 being entered (TEXT: Cells frozen 90 ms after 10 ms stimulus) (Video Editor: Only as much action as necessary for narrative)

2.8. On the main screen, confirm that the light stimulation box is checked [1-MED-TXT] and click “Specimen Storage” followed by “Edit” [2-CU].

2.8.1. Talent checking box is checked, with monitor visible in frame (TEXT: See text for no stimulation control parameter details)
2.8.2. Specimen storage being clicked, then Edit being clicked

2.9. In the new window, use the plus or minus button to select “2” to store 2 specimens in each channel [1-CU-TXT] and confirm that “Storage liquid nitrogen enabled” is selected [2-CU].

2.9.1. 2 being selected (TEXT: Store ≤3 specimens total)
2.9.2. Shot of “storage liquid nitrogen enabled” selected

2.10. Now under a stereomicroscope place a sapphire disk cell-side up in the well of the middle black plate [1-MED] followed by a 100 micron spacer ring [2-SCREEN].

2.10.1.  Few seconds Talent placing disk into plate under microscope
2.10.2.  *To be provided by Authors: Few seconds spacer ring being placed

2.11. Dip one side of a blank sapphire disk into pre-warmed saline solution [1-CU] and place the disk over the spacer ring saline-side down [2-SCREEN].

2.11.1.  Few seconds disk being dipped
2.11.2.  *To be provided by Authors: Few seconds disk being placed onto spacer ring 

2.12. “While loading the samples, make sure you do not trap any air bubbles between the sapphire disks.” [1-MED-interview style].

2.12.1.  Shuo Li, speaking the above interview style (looking just off-camera)

2.13. Place another 100 micron spacer ring and a 400 micron spacer ring on top of the last sapphire disk [1-SCREEN] and use filter paper to remove any excess liquid [2-CU].

2.13.1.  *To be provided by Authors: 100 micron spacer ring being placed, then 400 micron spacer ring being placed
2.13.2.  Few seconds liquid being removed

2.14. Then place the entire assembly between the two transparent half-cylinders [1-CU] and close the top red cover to initiate the freezing process [2-MED]. The red cover will pop back up automatically once the freezing process is complete [2-CU-TXT].

2.14.1.  Few seconds assembly being placed between half-cylinders 
2.14.2.  Talent closing lid
2.14.3.  Red cover popping up (TEXT: Repeat for each specimen)

3. Automated Freeze-Substitution Unit Transfer

3.1. When all of the samples have been frozen, open the door to the storage dewar [1-WIDE] and transfer the dewar to the benchtop [2-MED-over the shoulder].

3.1.1. Talent opening door to storage dewar
3.1.2. Talent placing dewar onto benchtop 

3.2. Transfer the specimen chamber from the storage dewar to a specialized sample tray filled with liquid nitrogen [1-MED] and unlock the knob to release the specimen cup [2-CU].

3.2.1. Talent placing chamber onto tray, with storage dewar visible in frame
3.2.2. Few seconds knob being unlocked

3.3. Then use a pair of tweezers with liquid nitrogen-cooled tips to remove the transparent half-cylinders from the specimen cup [1-CU] and carefully transfer the middle black plates to a small cup containing liquid nitrogen [2-CU].

3.3.1. Few seconds half-cylinders being removed
3.3.2. Plates being placed into cup

3.4. “Take care to keep the frozen samples under liquid nitrogen at all times and to always handle the samples with pre-cooled tweezers.” [1-MED-interview style]

3.4.1. Sumana Raychaudhuri, speaking the above interview style (looking just off-camera)

3.5. Pre-cool the tweezers again [1-MED] and quickly transfer the first middle plate to the pre-cooled acetone [2-CU], gently shaking and tapping the plate to separate the sapphire disk from the plate [3-CU-TXT].

3.5.1. Talent dipping tweezers into LN2
3.5.2. First middle plate being transferred to acetone
3.5.3. Few seconds plate being shaken/tapped (TEXT: Rest middle plate in acetone for sapphire disk separation as necessary)

3.6. Then place an open cryogenic vial of fixative into a specimen chamber in the substitution unit [1-MED], transfer the sapphire disk into the vial [2-CU], and immediately cap the vial [3-CU-TXT].

3.6.1. Talent placing vial into chamber
3.6.2. Dish being placed into vial
3.6.3. Vial being capped (TEXT: Repeat for each sample)

3.7. When all of the samples have been transferred, set the appropriate freeze substitution program parameters [1-MED-TXT] and start the program [2-CU]. 

3.7.1. Few seconds Talent at unit, setting parameters (TEXT: See text for full substitution program parameter details)
3.7.2. Start being pressed

3.8. At the end of the freeze substitution program, use gloves to transfer the cryogenic vials from the specimen chamber to a chemical hood [1-MED] and use a pipette to add room temperature acetone to each vial [2-CU].

3.8.1. Few seconds Talent carrying vial(s) to hood
3.8.2. Few seconds acetone being added to at least one vial, with acetone container label visible in frame

3.9. Replace the wash in each vial with fresh acetone 4-6 times over a 1-2 hour period [1-MED]. Then add freshly-prepared 30% epoxy resin to each vial for a 2-3 hour incubation at room temperature in an orbital shaker at 120 rpm [2-CU].

3.9.1. Few seconds Talent adding acetone to at least one vial, with acetone and waste containers visible in frame
3.9.2. Few seconds resin being added to at least one vial, with 30% resin container visible in frame

3.10. At the end of the incubation, replace the 30% epoxy resin with 70% epoxy resin for a 3-4 hour incubation on the orbital shaker [1-MED].

3.10.1.  Talent placing vial(s) onto orbital shaker, with 70% resin container visible in frame

3.11. Then use tweezers to transfer each disk, cell-side up, to the cap of an embedding capsule [1-CU] and add 90% epoxy resin to the disks for an overnight incubation at 4 °C [2-ECU].

3.11.1.  At least one disk being placed into capsule
3.11.2.  Few seconds resin being added to one capsule

3.12. The next morning, transfer each sapphire disk to the cap of a new embedding capsule [1-MED] and fill the cap with freshly-prepared 100% epoxy resin [2-CU-TXT].

3.12.1.  Few seconds Talent placing disk into at least one cap
3.12.2.  Few seconds 100% resin being added to at least one cap, with resin container label visible in frame if possible (TEXT: Replace w/ fresh 100% epoxy resin every 2 h for 6 h)

3.13. After the last 100% epoxy resin incubation, polymerize the samples in a 60 °C oven for 48 hours [1-MED].

3.13.1.  Talent placing sample(s) into oven

4. Sample Mounting and Imaging

4.1. When the samples have polymerized, place the first sample upside-down on the stereomicroscope so that the sapphire disk is located at the top of the resin block [1-WIDE] and use a razor blade to remove a thin layer of resin from the top of the sample [2-SCREEN].

4.1.1. Talent placing sample under microscope
4.1.2. *To be provided by Authors: Few seconds resin being scratched away 

4.2. Next, use the razor blade to cut a shallow line along the edge of the disk to separate the sapphire disk from the epoxy resin [1-SCREEN] and dip the disk into liquid nitrogen for about 10 seconds to separate the disk from the rest of the resin [2-CU-TXT].

4.2.1. *To be provided by Authors: Few seconds line being made 
4.2.2. Few seconds dip being dipped into liquid nitrogen (TEXT: Cells will remain in resin)

4.3. Transfer the resin under a dissecting microscope [1-MED] and tape the sample to the microscope stage [2-CU].

4.3.1. Talent placing resin under microscope
4.3.2. Few seconds sample being taped

4.4. Using a 4-10x magnification, find an area with cells [1-SCREEN] and use a double-edged razor blade to cut a 2 x 2 mm area around the region of interest [2-SCREEN].

4.4.1. *To be provided by Authors: Few seconds cells being found
4.4.2. *To be provided by Authors: Few seconds area being cut 

4.5. Then use super glue to mount the cells onto a cylindrical dummy block made of epoxy resin [1-CU] and incubate the block at 60 °C for 1 hour [2-MED-TXT].

4.5.1. Few seconds block being mounted 
4.5.2. Talent placing block at 60 °C (TEXT: Repeat for each sample).

4.6. After sectioning on an ultramicrotome [1-MED-over the shoulder-TXT], transfer the samples to a transmission electron microscope for imaging at a 93,0000x magnification [2-MED-TXT]. Wasn’t sure if the comma placement or the fourth zero were the typo, so did two takes.

4.6.1. Shot of Talent at ultramicrotome, making a section (can be mock sectioning)
4.6.2. Few seconds Talent placing sample on TEM stage (TEXT: See text for sample staining details)

5. Results: Representative Exocytosis and Endocytosis in Mouse Hippocampal Neurons

5.1. In this image, synaptic vesicle fusion via exocytosis recorded 15 milliseconds after light onset within the active zone of a pre-synaptic membrane in a mouse hippocampal neuron is shown [1-LM].

5.1.1. Authors: Please upload Figure 2A through the submission link as its own .ai, .tif or .psd file without the A label, arrow or 15 ms after light onset exocytosis text: please add arrow as in original Figure 2A

5.2. One hundred milliseconds after light onset, an endocytotic pit adjacent to the active zone can be observed, illustrating ultrafast endocytosis by the nerve cell [2-LM]. 

5.2.1. Authors: Please upload Figure 2B through the submission link as its own .ai, .tif or .psd file without the B label, arrow or 100 ms after light onset endocytosis text: please add arrow as in original Figure 2B

6. Conclusion (said by authors on camera)
6.1. [bookmark: _GoBack]Shigeki Watanabe: After watching this video, you should have a good understanding of how to process samples for flash-and-freeze experiments.
6.2. Shigeki Watanabe: Remember that working with glutaraldehyde, osmium tetroxide, and liquid nitrogen can be extremely hazardous and that protective clothing should always be worn while work with these materials.   
6.3. Shigeki Watanabe: Once mastered, the flash-and-freeze steps can be completed in 2 hours for 12 samples if they are performed properly, although the entire procedure, including the data analysis, takes days to weeks.
6.4. Shigeki Watanabe: After freezing, different protocols can be used to preserve the antigenicity or fluorescence of the fluorescently-labeled proteins for analysis of their localization or to follow their dynamic expression.


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.  

Authors: please upload the modified files through the submission link as requested in the yellow highlighting.

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.
 2016, Journal of Visualized Experiments

