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A. Microscopy: Does your protocol require JoVE to film through your microscope? N
B. Does your protocol include software usage? N
C. Which steps of from the protocol section below will viewers benefit most from having filmed?
3.1., 3.2., 3.7.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
5.1., 5.2. As it is mentioned in the text these steps can only be successfully performed by someone with experience.
E. Will the filming need to take place in multiple locations? N
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. Inés Romero-Brey: This method helps to answer key questions in the virology field about how viral proteins rearrange cellular membranes to create environments that favor viral replication and assembly.
1.2. Rachel Santarella Mellwig: The two technical cornerstones that are combined here are first, the correlation between live-cell imaging and electron microscopy, and second, high pressure freezing.
B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. Yannick Schwab: Although this method has been designed and successfully utilized to tackle virus-host interactions, it can easily be generalized to a range of applications in cell biology.

1.4. Nicole L. Schieber: Visual demonstration of this method is critical, as there are many steps that require practical experience for success, especially cryo-immobilization via high pressure freezing and the subsequent steps.   
C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
D. Ethics title card: (for human subjects or animal work, does not count toward word length total)
Protocol: (read by voice talent at JoVE)
2. Patterned Sapphire Disc Preparation, Cell Culture, and Imaging
2.1. Begin by placing patterned sapphire discs with an alphanumeric pattern etched onto one of their surfaces into a 15-mL conical centrifugation tube [1-WIDE-TXT] and washing the discs thoroughly with ethanol [2-MED].
2.1.1. Talent adding disc(s) to tube (TEXT: Alternative: Use 0.05-mm thick sapphire discs w/o alphanumeric pattern and create coordinate pattern w/ finder grids via carbon coating)
2.1.2. Talent washing disc(s), with stock ethanol container visible in frame

2.2. Place the washed sapphire discs in a Petri dish lined with filter paper for drying [1-MED-over the shoulder] and use long, slim tweezers to transfer the dried sapphire discs onto glass slides [2-CU].

2.2.1. Talent placing discs onto a Petri dish, with other sapphire discs spread out in a dish that is visible in frame

2.2.2. Disc(s) being placed onto a glass slide, with other sapphire discs already on the slide visible in frame

2.3. Using an inverted microscope at 4x magnification, confirm that the pattern of coordinates on every sapphire disc is readable [1-LM], then sterilize the discs with an ultraviolet crosslinker for 5 minutes [2-MED].
2.3.1. 58154_2.3.1_Figure1.psd: no animation Author note: Here we have also recorded how the talent (Nicole L. Schieber) was doing the imaging. This filmed step could be included right before this figure is appearing.
2.3.2. Talent turning on UV light over discs

2.4. In a biosafety cabinet, add half of the cell culture medium to a cell culture dish [1-MED-TXT] and use long tweezers to carefully transfer the sapphire discs into the dish [2-CU].
2.4.1. Talent adding medium to dish, with medium container visible in frame (TEXT: See text for medium/reagent preparation details)

2.4.2. Sapphire disc being placed into dish

2.5. Then seed 1 x 105 Huh7-Lunet (H-U-H-seven-loo-net) cells stably expressing the T7 polymerase in the other half of the cell culture medium onto the culture dish [1-MED-over the shoulder-TXT].
2.5.1. Talent adding cells to dish (TEXT: Endpoint cell confluency should not be over 20-30%)

2.6. Confirm that the sapphire discs remain at the bottom of the culture dish [1-MED] and that the alphanumeric coordinates are still readable with the inverted microscope [2-LM] and place the dish in the cell culture incubator [3-MED].
2.6.1. Talent placing dish onto microscope stage
2.6.2. 58154_2.6.2_Figure2.tif: Shot of visible coordinates of disc in medium Author note: Here we have also recorded how the talent (Nicole L. Schieber) was doing the imaging. This filmed step could be included right before this figure is appearing.
2.6.3. Talent placing disc into incubator

2.7. The next day, transfect the cells according to the manufacturer’s instructions with the GFP-expressing plasmid of interest [1-MED]. 
2.7.1. Talent adding reagent to dish, with transfection kit visible in frame 
2.8. To image the transfected cells by light microscopy, at the endpoint of the experiment, transfer the sapphire discs [1-MED-TXT] to a specifically designed metal light microscopy plate containing 30-50 microliters of pH indicator-free medium per position. This media reduces the nonspecific background fluorescence [2-CU].
2.8.1. Talent adding disc(s) to the imaging plate, with medium container visible in frame (TEXT: Alternative: Transfer sapphire discs to a glass-bottom cell culture dish for live-cell imaging) Author note: 2.8.1 and 2.8.2 were combined. 
2.8.2. Shot of disc(s) being placed into metal plate; shot of sapphire discs in the first position of metal slide and CU of the disc inside the holder.
2.9. Place the metal imaging plate under an inverted widefield fluorescence microscope [1-MED] and acquire an initial image of the cells at 10X magnification to visualize the fluorescent protein-expressing cells [2-LM].
2.9.1. Talent placing the metal plate onto microscope stage

2.9.2. 58154_2.9.2_Figure3.tif: 10X fluorescence microscopy image of fluorescent protein-expressing cells

2.10. Switch to differential interference contrast microscopy and record the coordinates of the patterned sapphire discs where the cells of interest are located [1-LM]. 
2.10.1. 58154_2.10.1_Figure4.tif: 10X DIC image of coordinates

2.11. Then acquire 63-100X magnification oil immersion images of the same cells to discern the subcellular localization of the protein of interest within the intracellular spaces [1-LM].
2.11.1. 58154_2.11.1_Figure5.tif: 63X fluorescence and DIC images (merged) of protein of interest
3. Cryo-Immobilization and Freeze Substitution (FS)
3.1. For cryo-immobilization of the cells growing on patterned sapphire discs, place the “A” and “B” aluminum carriers for high-pressure freezing into a Petri dish with filter paper soaked in 1-hexadecene [1-WIDE] and immerse the patterned sapphire discs in a Petri dish containing 1-hexadecene [2-MED-over the shoulder].
3.1.1. Talent adding “A/B” carriers to dish with 1-hexadecene container visible in frame

3.1.2. Talent adding sapphire disc(s) to dish also containing 1-hexadecene
3.2. Next, assemble the high pressure freezing “sandwich”: first place the “B” carrier on the bottom of the high pressure freezing machine holder with its flat side up [1-MED], then place the sapphire discs cell-side up onto the flat side of the “B” carrier [2-CU] and finally place the 0.1-mm depth side of the “A” carrier over the cells [3.2.3 here].
3.2.1. Talent placing “B” carrier flat side up

3.2.2. Sapphire disc being placed cell-side up

3.2.3. Added shot: CU: “A” carrier being placed on top
3.2.4. _Fig3B_JoVE_last.ai

3.3. Place the closed holder into the high pressure freezing machine [2-MED]. 

3.3.1. Talent placing closed holder into high pressure freezing machine
3.4. Then freeze the cells [1-CU] and place immediately the high pressure freezing holder in a polystyrene box with liquid nitrogen [2-MED]. Ensuring the sample remains under liquid nitrogen from this point forward, gently release the “sandwich” from the holder and transfer it into a tube filled and submerged with liquid nitrogen for storage until freeze substitution [3.4.3 here].
3.4.1. Freezing being initiated 

3.4.2. Talent placing high pressure freezing holder into polystyrene box with liquid nitrogen
3.4.3. Added shot: Talent transferring frozen samples (sandwich) into the tube

3.5. For freeze substitution of the vitrified cells, fill the freeze substitution machine with liquid nitrogen [1-MED] and set the machine to -90 °C [2-CU].

3.5.1. Talent filling machine

3.5.2. Machine being set to -90 °C

3.6. Next, fill one 1.5-mL microcentrifuge tube per sandwich with 200-500 microliters of freshly-prepared freeze substitution medium [1-CU] and place the tubes into the -90 °C-freeze substitution machine [2-MED].
3.6.1. Tube being filled then closed, with freeze substitution medium container label visible in frame (TEXT: FS medium: 0.2% OsO4  (v/v), 0.1% UA (w/v) in glass distilled acetone)
3.6.2. Talent placing tube(s) into machine 

3.7. Wait 10 minutes for the freeze substitution medium to cool down [1-CU], use cooled long tweezers to transfer the tubes containing the sandwiches from the polystyrene box with liquid nitrogen to the freeze substitution machine [3.7.2 here]. Then carefully transfer the sandwiches including the vitrified sapphire discs into the tubes of cooled freeze substitution medium [2-CU].
3.7.1. Timer being set

3.7.2. Added shot: Talent transferring the tubes containing the frozen sandwiches from the liquid nitrogen polystyrene box into the freeze substitution machine
3.7.3. Sandwich being transferred from the storage tube into the freeze substitution medium containing tube in the freeze substitution machine
3.8. When all of the sandwiches have been loaded, run the freeze substitution until the next day under the indicated conditions [1-CU-TXT].
3.8.1. 58154_3.8.1_FigureFS program.tiff: no animation
4. Resin Embedding and Patterned Sapphire Disc Removal from the Polymerized Resin Block
4.1. After freeze substitution, transfer the substituted specimens onto ice for 20 minutes [1-WIDE] followed by 20 minutes at room temperature [2-MED].

4.1.1. Talent transferring samples from FS machine onto ice

4.1.2. Talent placing samples at room temperature
4.2. Wash the samples three times with glass-distilled acetone at room temperature [1-CU-TXT], discarding the aluminum carriers with long tweezers if they are still in the microcentrifuge tubes after the substitution process [2-MED].
4.2.1. At least one sample being washed, with glass-distilled acetone container label visible in frame (TEXT: 10 min/wash)
4.2.2. Talent removing “A/B” carrier from tube

4.3. Infiltrate the samples in four 1-hour epoxy resin immersions [1-MED-TXT], exchanging the 100% resin the next day [2-CU].
4.3.1. Talent placing first resin dilute into tubes containing the sapphire disc(s), with other three resin dilutions and 100% resin visible in frame if possible (TEXT: 25% -> 50% -> 75% resin in glass-distilled acetone -> O/N incubation in 100% resin)

4.3.2. New resin being added to discs, with resin container visible in frame
4.4. Then carefully add up to 10 sapphire discs into flow-through rings mounted in reagent baths with the cells facing upwards [1-MED] and polymerize the samples in the oven at 60°C for 48 hours [2-MED].
4.4.1. Talent adding resin into the flow-through discs and the sapphire disc(s) to flow through ring(s)

4.4.2. Talent placing samples into oven 
4.5. At the end of the polymerization, once the blocks have cooled to room temperature [1-CU], cut the embedding molds with a razor blade to access the resin blocks [2-MED-over the shoulder]. 
4.5.1. Blocks being removed from oven/Blocks being placed onto bench to cool 

4.5.2. Talent cutting blocks

4.6. Use tweezers to remove the cylindrical resin blocks from the molds [1-CU-TXT] and immerse the tip of each block into a polystyrene box of liquid nitrogen until the nitrogen stops “bubbling” [2-CU].

4.6.1. Block(s) being removed (TEXT: Label blocks w/ permanent marker as necessary) 
4.6.2. Tip being immersed in liquid nitrogen
4.7. Then immerse the resin block tips in boiling water [1-MED], repeating the immersions until the sapphire discs fall off of the blocks [2-CU].
4.7.1. Talent immersing tip in boiling water

4.7.2. Disc falling off of block Author note: Last take is probably the best. 
5. Ultrathin Section Preparation and Imaging via Transmission Electron Microscopy (TEM) 
5.1. Before trimming the block, use the grid imprinted at the top of the resin block [1-WIDE] to identify the area on the resin block face where the cells of interest are present with the binocular of the ultramicrotome [2-LM]. 

5.1.1. Talent identifying cell location

5.1.2. 58154_5.1.1_FigureCoord_in_Block_zoomIN.tiff: no animation

5.2. Using a clean razor blade, trim the embedded cell monolayer containing the cells [1-CU] of interest to a flat, trapezium-shaped, 200 × 250 micrometer-pyramid [2-LM].

5.2.1. Resin being trimmed

5.2.2. 58154_5.1.3_FigureTrimmed_Block_zoomIN_trapezium.tiff: no animation
5.3. Then use a 35° diamond knife to obtain 70-nm ultrathin sections of the embedded cells [1-MED-over the shoulder] and use ultra-fine tweezers to transfer the sections onto electron microscopy slot grids [2-CU]. 
5.3.1. Talent at ultramicrotome acquiring serial section(s)

5.3.2. Section(s) being placed onto grid

5.4. Rachel Santarella-Mellwig/Nicole L. Schieber: “It is critical that the exact same cells that were imaged by light microscopy are sectioned. This is achieved by accurately trimming and sectioning the resin block at the precise location given by the coordinate system.” [1-MED-interview style]
5.4.1. Rachel Santarella-Mellwig/Nicole L. Schieber, speaking the above interview style (looking just off-camera)
5.5. When all of the sections have been collected, store the grids in a grid box [1-MED], place the first slot grid into the holder of the transmission electron microscope [2-MED] and then insert the holder into the microscope [5.5.3 here]. 
5.5.1. Talent placing grid(s) in grid box

5.5.2. Talent placing slot grid into the TEM grid holder

5.5.3. Added shot: Holder being placed into the microscope

5.6. First acquire low magnification overview images, within the complete cell profile of the cell of interest is visible [1-LM].
5.6.1. 58154_5.4.1_Figure6.tif: no animation Author note: Footage of talent sitting at microscope was also taken in case it is demonstrative and could be included right before this image is been shown.
5.7. Then acquire high magnification images of the cells of interest [1-LM] to locate the ultrastructural features that correspond to the fluorescent signals observed previously by light microscopy [2-LM-TXT].
5.7.1. 58154_5.5.1_Figure7.tif: no animation
5.7.2. 58154_5.5.1_Figure8.tif: TEXT: Repeat for each sample
6. Results: Tracking and Imaging of Viral Protein-Associated Structures via Correlative Light Electron Microscopy (CLEM) 
6.1. Sapphire disc-seeded cells transfected to express GFP-conjugated viral proteins can be identified by the presence of green fluorescence in the cytosol [1-LM] and recorded to save their positions within the coordinate-pattern of the sapphire discs [2-LM].

6.1.1. 58154_6.1.1_Figure9.ai: please emphasize green staining 

6.1.2. 58154_6.1.2_Figure10.ai: no animation

6.2. The acquisition of serial ultrathin sections allows ultrastructural analysis of the cells of interest by transmission electron microscopy [1-LM], revealing the localization of viral proteins of interest at intracellular spaces containing large accumulations of vesicles of variable morphology delimited from the surrounding cytosol by a single lipid bilayer [2-LM].
6.2.1. 58154_6.2.1_Figure11.ai: please add nucleus text as in original Figure 5C

6.2.2. 58154_6.2.2_Figure12.ai: please outline/emphasize vesicle(s) in right image
7. Conclusion (said by authors on camera):
7.1. Nicole L. Schieber: While attempting this procedure with virus-infected cells, it’s important to remember that chemical fixation should be carried out to inactivate the samples before leaving the BSL-2 or -3 laboratories.
7.2. Yannick Schwab: Following this procedure, alternative methods, like electron tomography or focused ion beam scanning electron microscopy, can be performed to get further insights into the 3D architecture of the subcellular landscape.
Provided Media

Authors, please list all images, movie files, or 3-D rendered animations that are to be included in the video per editor’s request. The step in the script/video where the files will be inserted should be indicated before the file name (please do not name files with step number, as step numbers may change with revisions). For example:

3.1.1. Figure1.tif - dual color imaging of tumor angiogenesis at 40X 

3.1.2. 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. 
58154_2.3.1_Figure1.psd - image of a patterned sapphire disc

58154_2.6.2_Figure2.tiff - image of the patterned sapphire disc in cell culture medium at 4X

58154_2.9.2_Figure3.tiff - LM image of cells expressing GFP at 10X

58154_2.10.1_Figure4.tiff - DIC image of patterned disc coordinates at 10X
58154_2.11.1_Figures5.tiff - DIC and fluorescence images (merged) of the protein of interest at 63X
58154_5.4.1_Figure6.tiff - TEM image of the cell profile of the GFP-positive cell at 520X
58154_5.5.1_Figure7 and Figure8.tiff -TEM higher magnification images (2500 and 8400X, respectively) of at least one feature of interest
58154_6.1.1_Figure9.ai - Authors: please upload the image from Figure 5A through the submission link as its own .ai or .psd file without the A label

58154_6.1.2_Figure10.ai - Authors: please upload the image from Figure 5B through the submission link as its own .ai or .psd file without the B label:

58154_6.2.1_Figure11.ai - Authors: please upload the image from Figure 5C through the submission link as its own .ai or .psd file without the C or nucleus labels:

58154_6.2.2_Figure12.ai - Authors: please upload the images from Figure 5E through the submission link as together in a new .ai or .psd file without the E label:
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 in the email accompanying the finalized script.
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