
Submission ID #: 53369
Editor Name: Jo Clark
Videographer name: Paul Tamm
Film Date: 9/17/16
Authors and Affiliations: Hussein S. Hamid1, John M. Hayes2, Eva L. Feldman2, Stephen I. Lentz3. 

1University of Michigan Medical School

Ann Arbor, MI

2Department of Neurology

University of Michigan

Ann Arbor, MI

3Department of Internal Medicine

University of Michigan

Ann Arbor, MI

Title: 3D Imaging and Analysis of Mitochondria within Human Intraepidermal Nerve Fibers
Corresponding Author: 

Lentz, Stephen I., Ph.D.

Department of Internal Medicine

University of Michigan

Ann Arbor, MI

lentzs@med.umich.edu 

Telephone: (734) 647-8233
Co-authors:

hussein.hamid@beaumont.org

jmhayes@med.umich.edu 

efeldman@med.umich.edu
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? N
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? Y
Yes, our protocol includes detailed, step-by-step, descriptions of software usage.  

What screen capture software to your recommend for Window-PC based computers? 

Rylstim Screen Recorder. http://sketchman-studio.com/rylstim-screen-recorder/
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.) 
2.5  Prepare primary antibody
2.6  Quench non-specific labeling of the stratum corneum

3.2  Prepare secondary antibody
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. 
Transferring tissue sections from well to well into new solutions (this is done repeatedly in steps 2.6, ) but can be filmed once.  A special tool is used to carefully transfer tissue sections.  Care must be taken not to tear the tissue.

E.  Will the filming need to take place in multiple locations? (Y/N) ___N___ If yes, how far apart are the locations? 
No, filming will be taken place at one location.  1000 Wall St. Brehm Tower.
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 imaging and analysis technique is to isolate specific information from a complex signal.  Specifically, this protocol describes how to visualize and quantify nerve-specific mitochondria away from other mitochondria within the epidermis (Intro). 
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Stephen Lentz: This method can help answer key questions in the field of neurology such as how does mitochondria within intraepidermal nerve fibers of healthy individuals compare to nerve-specific mitochondria of patients with neurological complications.
1.2. John Hayes: The main advantage of this technique is that we take a complex signal and extract specific information from it. This protocol helps us to isolate a specific signal such as the signal in these straws from signals around them.   
Shots 1.2/3 and 1.2/4 are close ups of a visual prop that we REALLY want in the final video either as a close up or medium shot of John Hayes pouring the beads out while saying the lines above. – Editor please do the latter if this looks ok
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.9. Procedures involving human subjects have been approved by the Institutional Review Board (IRB) at the University of Michigan.
Protocol (read by voice talent at JoVE):  
2. Fluorescence Immunohistochemistry: Day 1
2.1. Prepare for fluorescence immunohistochemistry staining of skin biopsies by first labeling a 96-well plate according to this schematic [1-LM-TXT]. 
2.1.1. 53359_Lentz_Figure1. TEXT: See written portion of the protocol for details of tissue preparation. 
2.2. Then pipette 150 microliters of stock signal enhancer solution to reduce nonspecific binding of secondary antibodies into each well of the top row [1-MED]. 
2.2.1. Talent pipettes from bottle/tube of signal enhancer solution and adds the 150 ul volume to wells in the top row. Shot 2.2.1and 2.2.1/2
2.3. Prepare rinse wells by adding 150 microliters of 1X phosphate buffered saline into each well in rows 2 and 3 of the 96-well plate [1-MED-over the shoulder]. 
2.3.1. Talent uses a multi-channel pipette to aspirate from a pipetting reservoir filled with PBS and then deposits the volume in row 2. The action is repeated with the PBS then deposited into row 3. Shot 2.3.1, 2.3.1/2 and 2.3.1/3
2.4. Then add 150 microliters of 5% BSA blocking solution into the wells of row 4 [1-CU].
2.4.1. The tips of the multi-channel pipette dispense blocking solution into row 4. Shot 2.4.1, 2.4.1/2 and 2.4.1/3
2.5. Dilute the primary antibodies PGP9.5 [1-MED-TXT] and PDH in 1500 microliters of 1% BSA rinsing solution [2-MED-over the shoulder] and add 150 microliters to each well in row 5 [3-MED-over the shoulder]. 
2.5.1. Talent adds PGP9.5 to the volume of rinsing solution that is contained in a microcentrifuge tube. Shot 2.5.1 and 2.5.1/2
2.5.2. Talent adds PDH to the same tube. Shot 2.5.2
2.5.3. *film as written. Shot 2.5.3, putting 150 µl into row 5
2.6. Use an inoculating loop to transfer the sections into the signal enhancer solution in row 1 [1-CU-TXT].  
2.6.1. An inoculating loop deposits a section in well 1A. TEXT: See the written portion of the protocol for details of subsequent incubation steps. Shot 2.6.1, 2.6.1/2, 2.6.1/3 and 2.6.1/4
2.7. Then wrap the plate tightly with Parafilm to prevent evaporation [1-MED].
2.7.1. *film as written. Shot 2.7.1, 2.7.1/2 and 2.7.1/3 (shot moved below)
2.8. Once the sections are in the primary antibody solution in row 5 [1-MED-over the shoulder], wrap the plate tightly with laboratory film to prevent evaporation [2.7.1] and then agitate the samples on a flat rocker at room temperature for 1 hour [2-MED-TXT]. Incubate with rocking overnight at 4 ˚C [3-MED-over the shoulder]. 
2.8.1. Talent adds a section to well 5H. The other wells in the row already contain sections. Shot 2.8.1 and 2.8.1/2
2.7.1 inserted here
2.8.2. Show the Parafilm wrapped plate rocking away on the shaker. TEXT: 1 h Shot 2.8.2 and 2.8.2/2
2.8.3. Talent places the wrapped plate onto a flat rocker in the cold room. Shot 2.8.3, 2.8.3/2, 2.8.3/3 and 2.8.3/4
3. Fluorescence Immunohistochemistry: Day 2
3.1. Begin day 2 of the procedure by pipetting 150 microliters of 1% BSA rinsing solution to the wells in rows 6, 7 and 8 of the 96-well plate [1-MED-over the shoulder]. 
3.1.1. *film as written. Talent pipettes the solution from a pipetting reservoir. Shot 3.1.1
3.2. Add the fluorophore-conjugated secondary antibodies to 1500 microliters of 1% BSA [1-MED-TXT]. Then pipette 150 microliters of the secondary antibody solution into each well of row 9 [2-MED-over the shoulder]. 
3.2.1. Talent pipettes from one of the secondary antibody tubes and adds it to 1500 ul rinsing solution in a microcentrifuge tube. TEXT: For PGP9.5: green-fluorescent conjugated goat anti-rabbit antibody, 1:1000. For PDH: red-fluorescent conjugated goat anti-mouse, 1:1000.  Shot 3.2.1
NOTE: Talent pipettes from red secondary antibody tube and adds it to 1500 ul rinsing solution in a microcentrifuge tube and then pipettes from green secondary antibody tube and adds it to 1500 ul rinsing solution. TEXT: For PGP9.5: green-fluorescent conjugated goat anti-rabbit antibody, 1:1000. For PDH: red-fluorescent conjugated goat anti-mouse, 1:1000. 
3.2.2. *film as written. Shot 3.2.2 and 3.2.2/2
3.3. Rinse the sections by passing through wells 6, 7 and 8 [1-CU-TXT].  
3.3.1. A section is added to well 6A. TEXT: See written protocol for incubation times. Shot 3.3.1, 3.3.1/2, 3.3.1/3,and 3.3.1/4
3.4. Once the sections are in the secondary antibody solution in row 9 [1-MED-TXT], wrap the plate in Parafilm [2-MED-over the shoulder], and cover with aluminum foil to protect the fluorescence signals [3-MED]. Incubate with rocking as before [4-MED]. 

3.4.1. Talent adds the last section to row 9. Shot 3.4.1
3.4.2. *film as written. Shot 3.4.2 and 3.4.2/2
3.4.3. *film as written. Shot 3.4.3 and 3.4.3/2 from above
3.4.4. Talent places the wrapped plate on the rocker at room temperature. TEXT: 1 h @ RT, 4 ˚C overnight. Shot 3.4.4 and 3.4.4/2 wider
4. Fluorescence Immunohistochemistry: Day 3
4.1.1. On day 3, pipette 150 microliters of sterile-filtered 1X PBS into row 10, 11, and 12 [1-MED].
4.1.2. *film as written. Talent pipettes the solution from a pipetting reservoir. Shot 4.1.1
4.2. Transfer the samples to row 10 [1-MED-over the shoulder], then cover the plate with aluminum foil [2-MED].  Rinse for 1 hour at room temperature with rocking [3-MED-TXT]. 
4.2.1. Talent transfers a sample into row 10. Shot 4.2.1 and 4.2.1/2– Transfer from 9A to 10A USE 4.2.1/2 instead of 4.2.1
4.2.2. Cover with foil
4.2.3. Talent places the plate on the rocker. TEXT: Repeat for rows 11 and 12. Shot 4.2.3, 4.2.3/2 and 4.3.2/3  DO NOT USE 4.2.3
4.3. Next, prepare a microscope slide for mounting the sections [1-MED] by pipetting 50 microliters of filtered 1X PBS onto the slide [2-CU].
4.3.1. Talent wiping a microscope slide. Shot 4.3.1 and 4.3.1/2 from above
4.3.2. *film as written. Shot 4.3.2
4.4. Once the rinses are complete, transfer a section from row 12 onto the slide [1-MED], then add 1 to 2 drops of mounting reagent containing DAPI directly on top of the section [2-CU].
4.4.1. *film as written. (transfer section from row 12 to slide) Shot 4.4.1, 4.4.1/2, and 4.4.1/3 from overtop. DO NOT USE 4.4.1 
4.4.2. *film as written. Shot 4.4.2, 4.4.2/2 and 4.4.2/3 from overtop.
4.5. Gently place a 50 mm x 24 mm #1.5 microscope glass coverslip over the section [1-CU-TXT]. 
4.5.1. *film as written. TEXT: Repeat mounting procedure for remaining sections). Shot 4.5.1
4.6. Place the slides in the dark overnight at room temperature to cure the mounting medium before storing or imaging the slides [1-MED-TXT]. 
4.6.1. Talent places the slides flat on a tray and moves the tray into a drawer and closes the drawer (whatever method this lab usually uses). TEXT: Short-term storage: 1-2 weeks @ 4 °C.  Long-term storage: > 2 weeks @ -20 °C. Shot 4.6.1, 4.6.1/2, 4.6.1/3 and 4.6.1/4.  DO NOT USE 4.6.1/3 (light cord was in shot)
5. Confocal Imaging
5.1. Select the 40X oil-immersion objective on an inverted laser scanning confocal microscope [1-CU].
5.1.1. The 40X objective clicks into place and contacts the slide. Shot 5.1.1 and 5.1.1/2
5.2. Select the appropriate lasers to image the nuclei [1-SCREEN-TXT], nerve fibers [2-SCREEN-TXT], and mitochondria [3-SCREEN-TXT]. 
5.2.1. SCREEN CAPTURE. The 405 nm laser is selected. TEXT: Nuclei: excitation λ= 405 nm, spectral emission filter λ= 420-480 nm. 
53369_Lentz_Shot521_SCREEN_CAPTURE_Nuclei.avi  In LAS-AF software activate the 405 nm laser, set the Acousto-optical tunable filter (AOTF) to 15%, select DAPI as dye, pseudo color the channel blue and set spectral filter on photomultiplier (PMT) 1 to 420-480 nm. 
5.2.2. SCREEN CAPTURE. The 488 nm laser is selected. TEXT: Nerve fibers: excitation λ= 488 nm, spectral emission filter λ= 505-560 nm. 
53369_Lentz_Shot522_SCREEN_CAPTURE_Nerve.avi In LAS-AF software activate the 405 nm laser, set the Acousto-optical tunable filter (AOTF) to 10%, select Alexa 488 as dye, pseudo color the channel green and set spectral filter on PMT2 to 505-560 nm. 
5.2.3. SCREEN CAPTURE. The 543 nm laser is selected. TEXT: Mitochondria: excitation λ= 543 nm, spectral emission filter λ= 606-670 nm.
53369_Lentz_Shot523_SCREEN_CAPTURE_Mitochondria.avi In LAS-AF software activate the 543 nm laser, set the Acousto-optical tunable filter (AOTF) to 60%, pseudo color the channel red, select Alexa 594 as dye and set spectral filter on PMT2 to 606-670 nm.
5.3. Enter the following scan parameters into the microscope software [1-MED]: 12-bit intensity resolution; scan rate of 600 Hz with 2 frame averaging and zoom of 2.2 [2-SCREEN]. 
5.3.1. Talent working on the computer at the confocal microscope. Shot 5.3.1 plus several BROLL
5.3.2. SCREEN CAPTURE. The intensity resolution, scan rate, averaging and zoom are set according to the parameters in the narrative. 
53369_Lentz_Shot532_SCREEN_CAPTURE_Settings1.avi In LAS-AF software set pixel intensity resolution to 12-bit, scan rate to 600 Hz, averaging to 2 frames, and zoom level to 2.2.
5.4. Set the microscope software for optimized lateral resolution [1-MED-over the shoulder] by selecting a scan resolution of 1024 x 1024 [2-SCREEN]. 
5.4.1. Talent working on the computer at the confocal microscope. Shot 5.4.1 plus BROLL
5.4.2. SCREEN CAPTURE. Mouse pointer selects scan resolution of 1024 x 1024 
53369_Lentz_Shot542_SCREEN_CAPTURE_ScanRes1024.avi In LAS-AF software set image resolution to 1024x1024.
5.5. Optimize axial resolution and optical sectioning by selecting a confocal aperture of 1 airy unit [1-SCREEN] with a z-step size of 210 nanometers [2-SCREEN-TXT]. 
5.5.1. SCREEN CAPTURE. Mouse pointer selects 1 airy unit. 
53369_Lentz_Shot551_SCREEN_CAPTURE_1AU.avi In LAS-AF software set the confocal aperture to 1 airy unit (AU). 
5.5.2. SCREEN CAPTURE. Z-step size is set to 210 nm. TEXT: The resulting XYZ resolution is 172.2 nm x 172.2 nm x 210 nm with an image size of 176.1 µm x 176.1 µm x 30 - 50 µm. 
53369_Lentz_Shot552_SCREEN_CAPTURE_Zstep.avi In LAS-AF software set z-step size to 210 nm.
5.6. Scan each signal separately [1-SCREEN] and adjust the detector voltage and offset [2-SCREEN] to remove any over and under saturated pixels [3-SCREEN]. 
5.6.1. SCREEN CAPTURE. The three channels (blue, red and green) are scanned for the image. Some over or under saturated pixels are seen (indicated by blue or red pixels in the software). Videographer: Please add arrows to the over/under saturated areas. 
53369_Lentz_Shot561_SCREEN_CAPTURE_3Channels.avi  In LAS-AF software,  view each of the three channels in pseudo color then view each channel in saturation mode (blue pixels are over saturated and green pixels are under saturated) and adjust PMT gain and offset to minimize or remove saturated pixels.
5.6.2. SCREEN CAPTURE. Detector voltage and offset are changed in the software. 
53369_Lentz_Shot562_SCREEN_CAPTURE_PMT_Voltage_offset.avi In LAS-AF software show how to adjust the PMT gain and offset.
5.6.3. SCREEN CAPTURE. The three channels are scanned again and the over/under saturated pixels are not seen. 
53369_Lentz_Shot563_SCREEN_CAPTURE_3Channle_NoSat.avi  In LAS-AF software show no saturated pixels for the 3 signals.
5.7. Activate a live scan for the nerve signal [1-SCREEN] and adjust the z-focus control [2-SCREEN] to find and set the upper and lower focal planes in the microscope software that encompass the nerve signal within the tissue section [3-SCREEN]. 
5.7.1. SCREEN CAPTURE. The nerve is seen in the green channel. 
53369_Lentz_Shot571_SCREEN_CAPTURE_NerveGreen.avi  In LAS-AF software show the green nerve signal while focusing through the tissue section.
5.7.2. SCREEN CAPTURE. Mouse pointer moves z-focus control. 
53369_Lentz_Shot572_SCREEN_CAPTURE_Zcontrol.avi  In LAS-AF software point to where the Z-series controls are located.
5.7.3. SCREEN CAPTURE. The nerve is seen in the green channel as the z-focus adjusts. 
53369_Lentz_Shot573_SCREEN_CAPTURE_Zadjust.avi  In the LAS-AF software focus through the green signal (this is similar to SCREEN_CAPTURE 571).
5.8. Scan the final z-series with sequential scanning to eliminate fluorescence signal cross talk [1-SCREEN].
5.8.1. SCREEN CAPTURE. The scan to obtain the final z-stack image of the nerve is performed on screen. This will likely need to be edited for length. Will only need about 10 seconds. 
53369_Lentz_Shot581_SCREEN_CAPTURE_ZcaptureA.avi, 53369_Lentz_Shot581_SCREEN_CAPTURE_ZcaptureB.avi, 53369_Lentz_Shot581_SCREEN_CAPTURE_ZcaptureC.avi In LAS-AF software each of the 3 signals are acquired at a few different focal plains through the Z-stack.
6. Image Processing (NOTE: Author will populate this section with details on using software to crop out dermis and perform deconvolution.) ADDED SECTIONS?
Videographer: Please film BROLL of Author working at the image processing set-up. If possible, include details such as Talent sipping coffee or other ‘breaks’ that we can intersperse with the screen caps. BROLL will need to cover parts of section 7 as well so please get a good amount of footage from various angles that do not include the screen in the shot. Shot BROLL as part of 5.3 and 5.4
6.1. Isolate the epidermis from the stratum corneum and the dermis by drawing a region around the epidermis using a selection tool on a duplicate image of the original image. Then crop the image to the selection [1-SCREEN].
6.1.1. SCREEN CAPTURE: 53369_Lentz_Shot611.mp4 – Image Processing - crop the image to include only the epidermis.
6.2. Calculate point spread functions for the green and red fluorescence confocal signals using the “calculate spread function” feature. Then, set the parameters for medium refractive index for oil at 1.515, and the numerical aperture for 40x oil objective at 1.25. Set the detector pinhole at 1 Airy unit and choose a laser excitation wavelength. [1-SCREEN]
6.2.1.  SCREEN CAPTURE: 53369_Lentz_Shot621.mp4 - Use the calculate point spread function (PSF) feature and set the parameters for medium refractive index for oil 1.515, numerical aperture for 40x oil objective 1.25, detector pinhole at 1 Airy unit, and laser excitation wavelength to 488 (green) or 543 (red), and emission wavelength to 515 (green) or 617 (red).
6.3. Use iterative restoration set to 100% confidence, and iteration limit of 10 cycles, and the green and red PSFs for the deconvolution of the green and red fluorescent signals [1-SCREEN].
6.3.1. SCREEN CAPTURE: 53369_Lentz_Shot631.mp4 – Use iterative restoration set to 100% confidence, iteration limit of 10 cycles and the green and red PSFs for the deconvolution of the green and red fluorescent signals. 
7.  Isolation of Nerve-Specific Mitochondrial Signal (NOTE: Author will populate this section with details on using software to isolate nerve-specific mitochondrial signal away from the mitochondria within the epidermis)
7.1. Use the create surface tool to make a surface around the deconvolved nerve signals seletcting uncheck smooth feature, absolute intensity for thresholding, and a lower threshold of 3000 and upper threshold of 65,535. Keep the surfaces above 10 voxels [1-SCREEN]. 
7.1.1. SCREEN CAPTURE: 53369_Lentz_Shot711.mp4 – Use create surface tool to make a surface around the deconvolved nerve signals with the following parameters: uncheck smooth feature, use absolute intensity for thresholding, set lower threshold to 3000 and upper threshold to 65,535, and keep surfaces above 10 voxels. 

7.2. Remove the non-nerve surfaces by using the “edit” tab in nerve surface to select single non-nerve surfaces, or hold down the SHIFT key to select multiple non-nerve surfaces.  Delete the selected non-nerve surfaces by pressing the delete button [1-SCREEN].  
7.2.1. SCREEN CAPTURE: 53369_Lentz_Shot721.mp4 – Use the edit tab in nerve surface to select single non-nerve surfaces, or hold down the SHIFT key to select multiple non-nerve surfaces.  Delete the selected non-nerve surfaces by pressing the delete button.  

7.3. Use the “edit” tab in nerve surface and press the “Mask All” button in the Mask Properties. In the new window, select Channel 5 – Mitochondria-Deconvolved under the Channel Selection, and then check duplicate channel before applying mask. Press the radio button for constant inside/outside, and check the set voxels outside surface to 0.0 and press the OK button [1-SCREEN].
7.3.1. SCREEN CAPTURE: 53369_Lentz_Shot731.mp4 – Use the edit tab in nerve surface and press the “Mask All” button in the Mask Properties. In the new window, select Channel 5 – Mitochondria-Deconvolved under the Channel Selection, check duplicate channel before applying mask, press the radio button for constant inside/outside and check set voxels outside surface to 0.0 and press the OK button.  

7.4. Finally, create mitochondria-specific surfaces using the create surface tool to make a surface around the masked, deconvolved mitochondrial signals by selecting uncheck smooth feature and using Background Subtraction for thresholding. Set the diameter of largest sphere to 1.50 µm, the lower threshold to 2000, and the upper threshold to maximum 65,535. Be sure to keep the surfaces above 1.0 voxels.
7.4.1. SCREEN CAPTURE: 53369_Lentz_Shot741.mp4 – Use create surface tool to make a surface around the masked, deconvolved mitochondrial signals with the following parameters: uncheck smooth feature, use Background Subtraction for thresholding, diameter of largest sphere = 1.50 µm, set lower threshold to 2000 and upper threshold to maximum 65,535, and keep surfaces above 1.0 voxels.

SCREEN CAPTURES:  Authors: if we are going to show how techniques are performed on computers, you will be asked to make movie files of the software in use.  Filming screens from a video camera often results in artifacts due to the screen refresh. When you receive the final script, and a shot is listed a “SCREEN CAPTURE” you will need to make a movie file of the actions required.  Make exactly one file per requested SCREEN CAPTURE containing only the requested actions.  Do not bundle several action sequences into one large file.  Name the file according to the shot number.  Then, upload each of these files to your project folder.
We are currently recommending Rylstim Screen Recorder: http://sketchman-studio.com/rylstim-screen-recorder/
8. Results: Analysis of Mitochondria within Human Intraepidermal Nerve Fibers
8.1. This representative 3D confocal microscopy image illustrates (A) the nerve-specific green fluorescent signal. 
8.1.1. LAB MEDIA: 53369_Lentz_Figure5A. Show image. TEXT: Scale bar = 20 µm
8.2. A 3D surface shown in cyan is created for the nerve signal. 
8.2.1. LAB MEDIA: 53369_Lentz_Figure5B. Show image. 
8.3. Then the nerve-specific mitochondrial signal is isolated from the rest of the epidermal mitochondrial signals [1-LM] by using the nerve surface as a masking tool [2-LM]. 
8.3.1. LAB MEDIA: 53369_Lentz_Figure5C. Show image. 
8.3.2. LAB MEDIA: 53369_Lentz_Figure5D. Show image. 
8.4. The resulting nerve-specific mitochondrial red fluorescent signal is used to create surfaces shown as magenta [1-LM] around the mitochondria within the nerve surface which is shown in cyan [2-LM]. 
8.4.1. LAB MEDIA: 53369_Lentz_Figure5F. Show image. Highlight ‘Mt surface’ text and the box below. 
8.4.2. LAB MEDIA: 53369_Lentz_Figure5F. Show image. Highlight ‘Nerve surface’ text. 
8.5. This allows the mitochondria in the nerve fibers to be seen in detail [1-LM-TXT]. 
8.5.1. LAB MEDIA: 53369_Lentz_Figure5H. Show image. TEXT: Scale bar = 5 µm. Video Editor: Please places small boxes around areas of concentrated magenta color. 
8.6. Here, mitochondrial surface data are presented as a size frequency histogram to visualize the percentage of mitochondria [1-LM] that are present in each of the various bins according to their volume [2-LM]. 
8.6.1. LAB MEDIA: 53369_Lentz_Figure6. Show image. Highlight ‘Percentage of Total Mitochondria’ on y-axis. 
8.6.2. LAB MEDIA: 53369_Lentz_Figure6. Show image. Highlight ‘Mitochondrial Volume ((m3)’ on x-axis. 
8.6.3. SCREEN CAPTURE: 53369_Lentz_shot863_SCREEN_CAPTURE_3D_Imaris.avi  In Imaris software, 3D rendering of the 3 fluorescent signals (nuclei-blue, nerve fibers-green and mitochondria-red) followed by view of fluorescent nerve signal alone (green), the nerve surface created in Imaris (cyan), the fluorescent mitochondrial signal (red) together with the nerve surface (cyan), the isolated fluorescent mitochondrial signal (red) inside the nerve surface (faded cyan), following by the mitochondrial surface created with Imaris within the nerve surface (faded cyan).   
NOTE: SHOT863_SCREEN_CAPTURE could also serve as B ROLL and played during introductory voice overs. 
http://www.jove.com/files_upload.php?src=16277593
RESULTS INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors will ensure that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.  The results section is limited to 200 words total. If your results section contains more than 3-4 , please choose the most important figures to illustrate your results. Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image. Each image or movie file supplied for the video results section should be referenced by its specific file name.
Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown

5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:
http://www.jove.com/video/1597/results-example-mably?status=a3603k
9. Conclusion (said by authors on camera)
9.1. John Hayes: While attempting this procedure, it’s important to care for the tissue during the staining procedure to ensure that the tissue is fully submerged in the solutions to provide even and consistent staining throughout the tissue section. While attempting this procedure, it’s important to care for the tissue during the staining process to ensure that the tissue is fully submerged in the solutions to provide even and consistent staining throughout the sections.
9.2. Stephen Lentz: After watching this video, you should have a good understanding of how to visualize and quantify mitochondria within human intraepidermal nerve fibers.  Our detailed protocol was designed to teach other investigators how to stain, image, process and analyze human skin biopsies with the goal of understanding the mechanisms underlying the pathogenesis of mitochondrial bases neurologic diseases such as neuropathy.   
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.  
SCREEN CAPTURE: 53369_Lentz_Shot611.mp4 – Image Processing to crop the image to include only the epidermis. 

SCREEN CAPTURE: 53369_Lentz_Shot621.mp4 – Image Processing – calculate point spread functions for green and red fluorescence confocal signals.
SCREEN CAPTURE: 53369_Lentz_Shot631.mp4 – Image Processing – deconvolution of green and red fluorescent signals.
SCREEN CAPTURE: 53369_Lentz_Shot711.mp4 – Create nerve surface.
SCREEN CAPTURE: 53369_Lentz_Shot721.mp4 – Remove non-nerve surfaces.
SCREEN CAPTURE: 53369_Lentz_Shot731.mp4 – Isolate nerve-specific mitochondria.

SCREEN CAPTURE: 53369_Lentz_Shot741.mp4 – Create mitochondria-specific surfaces.
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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