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A.  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, but______  

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:  we have an Olympus SZ61 with a C-mount port and a color camera for taking images of the sample preparation, but it could be also a good idea to bring the scope kit to be sure of the standard quality of the images. For the microscopy images we will use the camera/detector of the instruments.
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)_____Yes___ 

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.) Steps: 2.7; 3.1; 4.3; 4.6; 5.1; 5.2; 6.3
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.) 2.7; 5.1
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) __NO_____ If yes, how far apart are the locations? ___ However, filming will be done in several rooms. 
1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this microscopy method is to precisely localize protein expression in relation to different subcellular organelles in the larval zebrafish retina by correlating super-resolution and scanning electron microscopy images.
(Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Irene Ojeda-Naharros: This method can help answer key questions in the retinal development and ciliopathy fields, such as the study of protein mislocalization in ciliary mutants. 
1.2. José María Mateos: The main advantage of this technique is that it combines super-resolution with scanning electron microscopy to obtain highly accurate protein localization data within the native structural context of the sample. 

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Gery Barmettler: The collection of Tokuyasu sections on silicon wafers substantially facilitates handling and the use of platinum shadowing for contrast provides a good topography of the sample.
1.4. Jana Doehner: Though this method can provide insight into larval zebrafish retina studies, one of its major advantages is that it can also be applied to many other biological systems, such as identification of protein expression in mouse tissue.
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.9. Procedures involving animal subjects were performed in accordance with the ARVO Statement for the Use of Animals in Ophthalmic and Vision Research and were approved by the local authorities (Veterinäramt Zürich TV4206).
Protocol: (read by voice talent at JoVE)
2. Gelatin Infiltration, Mounting, and Cryosectioning
2.1. After dissecting the eyes from fixed zebrafish larvae according to the text protocol [1-WIDE/MED], warm up 1 mL of 12% local food brand gelatin in PBS at 40 (C [2-MED/CU].  Then aspirate the PBS from the tubes of eyes and add the gelatin solution [3-CU].
2.1.1. Talent at microscope finishes transferring eyes into tube
2.1.2. Talent places gelatin in PBS in microwave or waterbath

2.1.3. Talent finishes aspirating PBS from tube and adds gelatin solution

2.2. Gently tap the tube to ensure the gelatin infiltrates the sample [1-ECU] and incubate it for 10 – 30 minutes at 40 (C in a thermoblock with gentle shaking or in a water bath [2-MED/CU].

2.2.1. Talent gently taps tube and gelatin infiltrates sample
2.2.2. Talent places tube in water bath or thermoblock
2.3. In a 40 (C water bath, fill 12 x 5 x 3 mm silicon or polyethylene flat embedding molds with warm gelatin [1-CU].  Then using a pipette, add two eyes per mold [2-ECU] and under a binocular, use a dissection needle to properly align them [3-SCOPE].

2.3.1. Talent fills mold with warm gelatin in water bath

2.3.2. Talent adds eyes to mold

2.3.3.  Talent aligns eyes; Videographer, authors said you should be able to film 2.3, 2.4, and 2.6.  However, they also have the ability to provide color footage.   I’ve scripted this to have you try to film and if you can’t get clear shots, we’ll have the authors provide footage.  
2.4. After allowing the gelatin to cool down at room temperature for 1 min, place it at 4°C for 20 min to harden [1-WIDE].  Under the binocular, use a razor blade to re-trim the gelatin block to fit one eye per block [2-SCOPE]. 
2.4.1. Talent places gelatin in fridge
2.4.2. Talent trims block to for one eye per block Videographer, see note in 2.3 above.
2.5. Transfer the gelatin embedded eyes to 2.3 M sucrose in PBS on ice [1-CU]. Incubate the samples at 4 °C overnight [2-WIDE].  Then exchange the samples to fresh 2.3 M sucrose solution [3-CU] and store the tissue at 4 °C, or -20 °C for storage up to several months [4-WIDE].
2.5.1. Talent transfers embedded eyes to sucrose in PBS and places on ice
2.5.2. Talent places samples at 4 (C
2.5.3. Talent exchanges PBS/sucrose solution
2.5.4. Talent places samples in fridge or freezer
2.6. Re-trim the gelatin block to almost the size of the eye [1-SCOPE] before transferring it to a cryo-pin [2-CU/ECU]. Then freeze the block in liquid nitrogen [3-CU] and transfer it to a cryo-ultramicrotome [4-CU].
2.6.1. Talent finishes retrimming eye in block, Videographer, see note in 2.3 above.
2.6.2. Talent transfers eye to cryo-pin
2.6.3. Talent pulls block out of liquid nitrogen
2.6.4. Talent transfers block to cryo-ultramicrotome
2.7. Using a diamond knife in the cryo-ultramicrotome cut 110 nm thick-sections at -120 °C [1-ECU][1-LM]. Pick the sections with a wired loop containing a droplet of 2% methylcellulose and 2.3 M sucrose solution [2-ECU-TXT].  Then transfer the sections to a 7 x 7 mm silicon wafer [3-CU-TXT]. 
2.7.1. Talent cuts 110 nm sections at -120 (C with cryo-ultramicrotome. Also, there is
LM added by authors, uploaded to their manuscript link: 2.7.1_image_pin_cryosectioning_zebra fish eye.tif. Editor: You could use it as an inset, if possible, or for a few seconds after 2.7.1.
2.7.2. Talent picks up a section with wired look of methylcellulose/sucrose solution (TEXT: Store sections at 4 (C until further processing)
2.7.3. Talent transfers section to a silicon wafer
3. Immunolabeling
3.1. To wash the wafers, pipette two drops of PBS and place the wafers upside down on the drops [1-CU].  Incubate the wafers on the drops at 0 °C for 20 min [2-MED]. Then wash the wafers 2x in PBS at room temperature for 2 min each [3-CU].
3.1.1. Talent pipettes drops of PBS onto wafers and places wafers upside down on drops [Shots 3.1.1 and 3.12 combined]
3.1.2. Talent places wafers at 0 (C
3.1.3. Talent washes wafers with PBS
3.2. Incubate the samples 3 times in 0.15% glycine in PBS, for 1 min each [1-CU]. Then use PBS to wash the samples 3x for 1 min/wash [2-CU]. Pre-incubate the tissue with PBG for 5 min [3-CU-TXT].
3.2.1. Talent pipettes glycine/PBS onto samples
3.2.2. Talent uses PBS to wash samples
3.2.3. Talent adds PBG to samples (TEXT:  PBS, 0.5 % BSA, 0.2 % Gelatin type B)
3.3. Next, add rabbit anti-Tom20 in PBG to the sections [1-CU/ECU-TXT] and incubate the wafers at room temperature for 30 minutes [2-MED/CU].
3.3.1. Talent adds anti-Tom20 antibody to sections (TEXT: See the Table of Materials, 4 μg/mL) [Shots 3.31 and 3.3.2 combined]
3.3.2. Talent sets wafers at room temperature to incubate
3.4. With PBG, wash the tissue 6x for 1 min/wash. Then pre-incubate the samples with PBG at room temperature for 5 minutes [1-CU]. Replace the PBG with Alexa 647 anti-rabbit divalent Fab fragments in PBG and incubate for 30 minutes [2-CU-TXT].
3.4.1. Talent uses PBG to wash samples then sets them to incubate in PBG
3.4.2. Talent replaces buffer with secondary antibody and covers and sets to incubate (TEXT: See the Table of Materials, 7.5 μg/mL)
3.5. Wash the samples in PBG 6x for 1 min/wash in PBG [1-CU]. Then use PBS to wash the wafers 3x for 2 min in PBS [2-CU]. Add DAPI in PBS (TEXT: 4 μg/mL) to the wafers and incubate for 10 seconds [3-CU]. Then use PBS to wash the samples 2x for 2 min each [4-CU].
3.5.1. Talent washes samples in PBG
3.5.2. Talent washes wafers in PBS
3.5.3. Talent adds DAPI to wafers
3.5.4. Talent uses PBS to wash samples
4. Super-resolution Microscopy 

4.1. Invert the wafer on a droplet of a 1:1 solution of 80% glycerol and imaging buffer containing an oxygen scavenging system and briefly incubate it [1-CU-TXT].
4.1.1.  Talent inverts wafer on droplet of glycerol and imaging buffer and sets it to incubate (TEXT: Refer to text protocol for details)
4.2. Transfer the wafers, tissue side down, onto a fresh drop of the 1:1 mixture of 80% glycerol and imaging buffer on a glass bottom Petri dish [1-ECU-TXT].
4.2.1. Talent transfers wafer tissue side down onto fresh drop of glycerol/imaging buffer in glass bottom Petri dish (TEXT: 170 ± 5 μm thickness)
4.3. Use a pipette from one side to remove most of the liquid underneath the wafer [1-ECU]. Then use silicone stripes to fix the wafer to the bottom of the Petri dish [2-CU].
4.3.1. Talent removes most liquid below wafer
4.3.2. Talent uses silicone stripes to fix wafer to bottom of Petri dish
4.4. Place the mounted sections on an inverted microscope with a high numerical aperture oil immersion objective [1-MED/CU-TXT]. Prior to imaging, let the sample equilibrate to the microscope temperature in order to minimize or reduce lateral and axial drift [2-MED/CU].
4.4.1. Talent places a mounted section on microscope (TEXT: 160x / NA 1.43; see the Table of Materials in the text protocol)
4.4.2. Talent moves away from sample to equilibrate
4.5. Center the area of interest and acquire widefield epifluorescence reference images [1-SCREEN/LM]. Change to the super resolution operation mode. Adjust the exposure time of the camera to 15 ms and set the electron multiplying gain to the maximum of 300 [2-SCREEN/LM]. Authors will provide video screen captures for steps 4.5 – 4.8 and section 6 below.
4.5.1. Talent centers area of interest and takes widefield images [Shots 4.5.1 and 4.5.2 combined]
4.5.2. Talent changes to super resolution, adjusts exposure time to 15 ms and set gain to max of 300.
4.6. Next, illuminate the sample in epifluorescence mode with the 642 nm laser at maximum laser power. As soon as the single molecule blinks are well separated in each frame, so that the probability is low that individual signals overlap, reduce the laser power to almost one-third (TEXT: ~0.7 kW/cm2). Record the raw image in epifluorescence mode by acquiring a minimum of 30,000 frames [1-SCREEN/LM-TXT]. 
4.6.1. Talent illuminates sample with 642 laser at max power then reduces laser power to almost one third and records raw images in epifluorescence mode (TEXT:  ~2.8 kW/cm2) (Author Comment: We have uploaded two screen recordings. In the “4.6.1_only-molecule-blinking” is possible to see the molecule blinking) (Editor: If possible, use the recording with the molecule blinking mentioned by the author)
4.7. From the raw data, under ‘Tools,’ ‘T-series analysis,’ click “Evaluate” to generate a localization event list.   Use a detection threshold of 30 photons [1-SCREEN/LM-TXT].
4.7.1. Talent clicks evaluate to generate localization event list and uses detection threshold of 30 photons (TEXT: Needs to be adjusted according to the sample)
4.8. Under ‘Tools,’ click “Create Image” in the ‘event list processing panel’ to visualize the super resolution image by Gaussian fitting, applying a rendering pixel size of 4 nm [1-SCREEN/LM].
4.8.1. Talent clicks create image in the event list processing panel to visualize super resolution image by Gaussian fitting, applying rendering pixel size of 4 nm
5. Platinum Shadowing and Scanning Electron Microscopy
5.1. Remove the silicon stripes and add a drop of PBS close to the edges of the wafer to lift it up from the Petri dish [1-CU/ECU]. After using PBS to wash the wafer 2x for 2 min each, use 0.1% glutaraldehyde in PBS to post fix it for 5 min [2-CU]. Then wash the sample again 2x for 2 min/wash in PBS [3-CU].
5.1.1. Talent removes silicon stripes and adds drop of PBS to lift edges of wafer
5.1.2. Talent finishes second PBS wash then adds glutaraldehyde in PBS to post fix
5.1.3. Talent washes sample again with PBS
5.2. Incubate the wafer in 1 drop of 2% methylcellulose in water on ice two times for 5 minutes/incubation [1-CU]. Then insert the wafer in a centrifuge tube and centrifuge at 14,100 x g for 90 s [2-MED]. Following the spin, use conducting carbon cement to mount the wafer on an SEM aluminum stub [3-CU/ECU].
5.2.1. Talent places wafer in drop of 2% methylcellulose on ice
5.2.2. Talent places tube with wafer into centrifuge and sets speed and time and starts run
5.2.3. Talent mounts wafer on SEM aluminum stub with carbon cement

5.3. Using an electron beam evaporation device, add a layer of 2 to 10 nm of platinum/carbon on the sample by rotary shadowing with the following settings [1-MED/CU-TXT].
5.3.1. Talent places wafer into device and starts rotary shadowing (TEXT: 1.55 KV, 55 mA, at 0.3 nm/s, 8° angle, rotation level 4)
5.4. Image sections with a scanning electron microscope at 1.5 kV, 2 mm working distance and with an ‘In lens’ secondary electron detector [1-LM]. 
5.4.1. LAB MEDIA EM Image; Authors will provide this or use one of the Figure panels here. 
5.4.2. [Added Shot]: Talent at the electron microscope. (Editor: The author would like this shot included to visually inform viewers of what’s being used. This can be used either before or after 5.4.1, whichever looks better)
6. Alignment of Light and Electron Microscopy Images
6.1. Use Fiji to open both light and electron microscopy images by clicking ”File|Open”. Adjust the canvas size by clicking “Image| Adjust| Canvas size” and bring both images to a stack by clicking “Image| Stacks| Images to stack” [1-SCREEN/LM].
6.1.1. Talent opens light and EM images in Fiji and adjusts canvas size then brings images into a stack
6.1.2. [Added Shot]: Talent working at the computers. (Author Comment: in addition to the screen recording we think that could be useful to show one person of the team working at the computers 6.1.2) (Editor: This additional shot could either be used before 6.1.1, or could be used during the whole VO while 6.1.1 is used as an inlay. Whichever looks better)
6.2. In Fiji, open a new TrackEM2 interface by clicking “File|new|TrackEM2 (new)”. Import the stack with both images by right clicking on the black window and selecting “Import stack” [1-SCREEN/LM].
6.2.1. Talent opens a new TrackEM2 and imports stack with both images

6.3. Align the light microscopy image to the electron microscopy image manually with landmarks by using a right mouse click on the image and selecting “Align|Align layer manually with landmarks” [1-SCREEN/LM]. 
6.3.1. Talent aligns light microscopy image to electron microscopy image manually
6.4. Pick the select tool to add landmarks. Use the shape of the nuclei as a reference to select the same edges in both images and to add several points [1-SCREEN/LM].
6.4.1. Talent adds landmarks with select tool in both images (see Supplementary Figure 1) (TEXT: Minimum three points need to be selected)
6.5. Apply alignment with an affine model by right clicking, and selecting “Apply transform| Affine model”.  Finally, change the layer transparency to assess the quality of the alignment [1-SCREEN/LM].

6.5.1. Talent applies alignment and changes layer transparency to assess quality of alignment (see Supplementary Figure 1)
7. Results:  Tom20 Protein Expression in the Zebrafish Retina
7.1. This panel shows a low magnification widefield image of a 5 day post fertilization zebrafish retinal section [1-LM].  The same area is shown here by scanning electron microscopy [2-LM].
7.1.1. LAB MEDIA (Source:  https://www.jove.com/files/ftp_upload/56113/7.1.1-56113_Mateos_Figure%20_1_A.tif)
7.1.2. LAB MEDIA (Source:  https://www.jove.com/files/ftp_upload/56113/7.1.2-56113_Mateos_Figure%20_1_B.tif), Editor, place next to 1A for the second sentence.
7.2. These higher magnification images show Tom20 staining in red with clusters at the mitochondria [1-LM].
7.2.1. LAB MEDIA Source:  https://www.jove.com/files/ftp_upload/56113/7.2.1-56113_Mateos_Figure%20_1_C.tif and

 https://www.jove.com/files/ftp_upload/56113/7.2.1-56113_Mateos_Figure%20_1_D.tif, Editor, use red arrows and the text Tom20 in red to point out the red blobs when Tom20 staining is mentioned.
7.3. The expression of Tom20 is shown here as detected by GSDIM microscopy [1-LM].  In this image, the same section combines correlative super-resolution and scanning electron microscopy. Tom20 staining appears within the mitochondrial cluster at the outer membranes of mitochondria. The fluorescence DAPI signal in the nuclei corresponds with the topography of the SEM image [2-LM].
7.3.1. LAB MEDIA (Source:  https://www.jove.com/files/ftp_upload/56113/7.3.1-56113_Mateos_Figure%20_1_E.tif), Editor, use arrows to point out some of the tiny dots that appear near the turquoise blue staining, especially near the left side of the image where they form clusters.
7.3.2. LAB MEDIA (Source: https://www.jove.com/files/ftp_upload/56113/7.3.2-56113_Mateos_Figure%20_1_F.tif), Editor, for ‘Tom20 staining appears at the mitochondrial cluster’, add in the M’s in the panel.  For the last sentence, add in the N’s.  
7.4. This SEM image provides context to the Tom20 staining in the GSDIM image. Mitochondrial cristae are clearly visible and the Tom20 staining is localized to the outer membranes of mitochondria. The membranes of the outer segment of the photoreceptors are clearly resolved [1-LM].
7.4.1. LAB MEDIA (Source:  https://www.jove.com/files/ftp_upload/56113/7.4.1-56113_Mateos_Figure%20_1_G.tif), Editor, for ‘mitochondrial cristae are clearly visible,’ point out the dark spaces in the structure on the right side of the panel.  For the Tom20 staining, use arrows to point out the orange/red small blobs.  For the last sentence, add in the OS on the left.
8. Conclusion (said by authors on camera)

8.1. Jana Doehner: While attempting this procedure, it is important to remember to optimize as best as possible your labelling and imaging parameters. Only optimally labelled samples are suitable for super-resolution. Samples must never dry at any time during the labelling procedure.
8.2. Irene Ojeda-Naharros: This procedure could be extended to double labelling immunofluorescence and thus allows the localization of two different proteins within a specific structure.
8.3. Gery Barmettler: In case of more complex samples, the use of fiducial markers is recommended to obtain a precise alignment of the images.
8.4. José María Mateos: After watching this video, you should have a good understanding of how to perform correlative studies for localizing proteins in relation to the different organelles of the cell in a complex tissue sample with super-resolution precision.
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.

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.
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