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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N  
Can you record movies/images using your own microscope camera? Y  
B.   Software Usage: Does your protocol include detailed descriptions of software usage? Y 
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. 2.3., 2.9., 2.10., 2.12., 2.13., 2.14. 
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.) ___________________________
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? N

1. Introduction (Experimental Goal and Author Interviews)

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

The overall goal of this laser capture microdissection protocol is to collect cells from specific brain regions affected by traumatic brain injury for molecular analysis (Intro). 

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!) 

ADDED: Helen L. Hellmich: “Hello, I am Dr. Helen Hellmich. My graduate student, Harris Weisz, who is a student in the Human Pathophysiology and Translational Medicine program here at UTMB, will demonstrate how we use laser capture microdissection methods in our brain injury studies.” Note to Editor – the PI added this and requested it specifically be placed here.
1.1. Harris: This method can help elucidate the mechanisms and consequences of TBI-induced changes in discrete brain regions such as the frontal cortex, which controls executive function, and the hippocampus, which is important for memory dependent processes. 
1.2. Harris: The main advantage of this technique is that we can study the effects of a disease process on specific brain regions and cells.   

E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.9. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at University of Texas Medical Branch Galveston.

Protocol: (read by voice talent at JoVE)
2. Region Identification and Sectioning 
2.1. Prior to any LCM procedure that includes transcriptional analysis, clean all surfaces with RNase eliminating detergent to mitigate the risk for contamination and RNA degradation [1-MED]. 
2.1.1. Talent spraying the cryostat with RNaseZap or similar and wiping down. 
2.2. Retrieve the brain tissue from storage [1-WIDE-TXT] and place into a cryostat cooled to -20 C. Allow the brain to equilibrate to the temperature of the cryostat chamber for approximately 10 minutes [2-MED-over the shoulder].
2.2.1. Talent retrieving the brain from the -80 and closing the door. TEXT: See written protocol for details of tissue collection. 
2.2.2. Talent places the brain into the cryostat and closes the screen. Talent then picks up a countdown timer set to 10 minutes, presses start and then sets it on top of the cryostat. 
2.3. Place the brain ventral side up on a gauze sheet on top of the cryostat stage [1-CU]. With a clean, RNase-free razor blade [2-MED], cut off the posterior portion just rostral to the cerebellum and the portion just anterior to the optic chiasm [3-CU].
2.3.1. *film as written. 
2.3.2. Talent picks up the clean blade. 
2.3.3. The two cuts are made as described. 
2.4. Place a small amount of optimal cutting temperature medium into two separate cryomolds [1-MED-over the shoulder-TXT]. Place the brain containing the frontal association cortex and nucleus accumbens core into one cryomold anterior side down [2-CU]. Add sufficient OCT medium to cover the tissue [3-MED]. 
2.4.1. *film as written. TEXT: OCT = optimal cutting temperature medium. 
2.4.2. *film as written. 
2.4.3. *film as written. 
2.5. Repeat this step with the piece of brain tissue containing the hippocampus and suprachiasmatic nucleus [1-MED-over the shoulder-TXT].
2.5.1. The second piece of tissue (containing the hippocampus and SCN) is placed into the other cryomold that contains OCT, then OCT is added to cover the tissue. TEXT: SCN = suprachiasmatic nucleus. 
2.6. Allow the OCT medium to freeze completely for around 20 minutes in the cryostat [1-MCU]. 
2.6.1. Shot of the two cryomolds in the cryostat with molten OCT fade to a shot taken at the end of 20 minutes when the OCT has solidified. 
2.7. Once the tissue and OCT medium are completely frozen, squeeze a small amount of OCT onto a mounting head [1-MED-over the shoulder]. Press a frozen cryomold onto the mounting head [2-MCU], and allow the OCT to freeze completely so that the mold containing the tissue is securely attached to the head [3-CU-TXT].
2.7.1. Talent picks up the OCT and squeezes a small amount onto a mounting head. 
2.7.2. *film as written. 
2.7.3. Show the mold attached to the mounting head with the OCT completely frozen. TEXT: Repeat for the other cryomold. 
2.8. Secure the head attachment to the sectioning mount and tighten the screw [1-MED]. Adjust the cutting angle in relation to the cryostat blade with the adjustment levers to ensure the sections will be cut evenly [2-MED-over the shoulder].
2.8.1. *film as written. 
2.8.2. Talent adjusting the angle of the blade while looking at the angle of the blade relative to the brain. 
2.9. Set the section thickness to 30 microns [1-MED]. When sectioning the tissue block containing the hippocampus and SCN [2-BROLL], section until the optic chiasm is flattened at Bregma -0.48 mm, when the third ventricle becomes apparent [3-MCU]. 
2.9.1. Talent adjusts the dial to set the thickness. 
2.9.2. Talent sectioning. 
2.9.3. Shot of the tissue block at Bregma -0.48 mm. 
2.10. Then collect sections for the SCN from this point [1-BROLL] by gently placing room-temperature polyethylene napthalate membrane slides on top of the sectioned tissue [2-CU-TXT]. 
2.10.1. Footage of Talent sectioning. 
2.10.2. The slide is placed on top of the sectioned tissue and the section adheres to the slide. TEXT: PEN - polyethylene napthalate. 
2.11. Visually ensure adherence to slide by confirming that the tissue and OCT are completely melted onto the slide [1-MED]. Store all slides with tissue sections in the cryostat until staining [2-MCU-TXT]. 
2.11.1. Talent looking at slide. Please set up the shot so that the melted-on tissue is also visible on the slide. 
2.11.2. Talent places the slide in a rack in the cryostat. TEXT: See written protocol for details of the frontal association cortex and nucleus accumbens sectioning. 
2.12. Stop collecting sections at Bregma -0.72 mm, when the supraoptic decussation begins [1-CU]. 
2.12.1. Shot of the tissue at the point where sections are no longer collected. 
2.13. For hippocampus collection [1-BROLL], section until the horns of granule cell layer dentate gyrus are visibly apparent at Bregma -3.00 mm [2-CU]. 
2.13.1. Footage of Talent sectioning at the cryostat. 
2.13.2. Shot of the tissue at Bregma -3.00 mm. 
2.14. Collect sections until the hippocampal CA subfields are fused in the coronal sections at Bregma -4.78 mm [1-CU]. This allows for complete collection of the hippocampus under the craniotomy and injury site [2-MED]. 
2.14.1. Shot of the tissue as the last section is collected before Bregma -4.78 mm. 
2.14.2. Talent puts the last slide in the rack in the cryostat and then closes the screen of the cryostat. 
3. Staining Protocol 
3.1. Prior to staining, wash all dishware and the staining area in a chemical fume hood with RNase-eliminating detergent [1-MED-over the shoulder-TXT]. 
3.1.1. Talent at fume hood washing the staining equipment in RNase-eliminating detergent. TEXT: Prepare all staining reagents and solutions in nuclease free water. 
3.2. Take the rack of slides from the cryostat [1-MED-over the shoulder] and place in the fume hood. Allow the slides to warm for 30 seconds [2-MED]. 
3.2.1. Talent at cryostat reaches over and removes the rack of slides from the cryostat. 
3.2.2. Talent enters a shot of the fume hood and places the slides inside. 
3.3. Stain the sections with cresyl violet and clear with xylene [1-MED-over the shoulder-TXT].
3.3.1. Talent at the fume hood moving the slides from one staining dish to another (maybe from the cresyl violet to the first dish of nuclease-free water). TEXT: 1 min 75% EtOH, 1 min nuclease free water, 1 min 1% cresyl violet, 2 x 30 s nuclease free water, 30 s 95% EtOH, 30 s 100% EtOH, 2 x 3 min xylene. 
3.4. Allow the rack of stained slides to air-dry for no more than 10 minutes at room temperature in the fume hood [1-MED-TXT].  Once dried, proceed immediately to LCM [2-WIDE].
3.4.1. Talent takes the rack out of the xylene and places it down. Talent then presses start on a countdown timer set to 10 minutes and leaves the shot. TEXT: For quicker drying, place racks into an RNase-free vacuum desiccator. 
3.4.2. Talent enters the shot, picks up the rack of slides and then leaves the shot with the slides. 
4. Stereotactic Atlas Guided Laser Capture Microdissection with the LCM System
4.1. Prior to beginning any LCM procedure for RNA analysis, wipe down the collection area and the area around the device with RNase-eliminating detergent and 100% ethanol [1-BROLL].
4.1.1. Talent spraying and wiping the collection area and the area around the device with 100% ethanol a bottle of RNase-eliminating detergent is close by. 
4.2. Flip the power switch on the infrared laser generating unit before turning on the microscope base [1-MED-over the shoulder], and allow the system to initialize before the software is started from the desktop [2-MED].
4.2.1. Talent turns on the laser and then a few seconds later turns on the power to the microscope. 
4.2.2. Talent then goes over to the computer and opens the software. 
4.3. Once the software has booted and run through its initializing steps [1-BROLL], open the software “Setup Panel” and press the “Present Stage” button [2-SCREEN]. The modular stage will move into position where LCM Macro Caps and slides can be loaded and off-loaded [3-MCU]. 
4.3.1. BROLL of Talent working at the computer attached to the LCM system. 
4.3.2. SCREEN CAPTURE: The “Setup Panel” is opened and the “Present Stage” button is pressed. 
4.3.3. Film the stage moving into position in response to the software manipulations. 
4.4. Place up to three PEN membrane slides into the holders with the frosted edge facing rightward [1-CU]. 
4.4.1. The three slides are inserted into the holders as described. 
4.5. Select the “Cap and Slide Handling Area” next to the respective slide and click the “Mem” check box to tell the software that membrane glass slides have been loaded. Then click on the desired slide to be captured first [1-SCREEN-TXT].
4.5.1. SCREEN CAPTURE: The “Cap and Slide Handling Area” next to the respective slide is selected and the “Mem” check box is then clicked. The mouse pointer then selects the slide to be captured first. 
4.6. To capture a tiled image for tissue location and orientation for cap placements, select “Image” on the Toolbar and select “Acquire Overview” [1-SCREEN]. 
4.6.1. SCREEN CAPTURE: The software manipulations are performed on screen as described. 
4.7. Place the cursor over the area on the tiled image, right click and select “Place Cap at Region Center”. The software will automatically place a cap over the selected position [1-SCREEN].
4.7.1. SCREEN CAPTURE: The software manipulations are performed on screen as described. 
4.8. After locating the infrared and UV lasers, choose the “Freehand Drawing” option in the “Select Tools Pane” [1-SCREEN]. Using a touchscreen stylus, draw around the perimeter of the region of interest while making sure not to lose contact between the touchscreen and the stylus head [2-MED-over the shoulder]. Make sure to connect the beginning and end-points together [3-SCREEN]. 
4.8.1. SCREEN CAPTURE: The software manipulations are performed on screen as described. 
4.8.2. Talent using a stylus to draw around the perimeter of the region of interest. 
4.8.3. SCREEN CAPTURE: Video as the last part of the contour is traced and the two ends are joined up.  
4.9. For hippocampus collection, laser capture the CA1, CA2, and CA3 hippocampal subfields starting at Bregma 3.00 mm and using the completely formed granular layer of the dentate gyrus as a physical landmark for morphological identification [1-SCREEN].
4.9.1. SCREEN CAPTURE: If possible please provide a movie of the laser capturing cells from either the CA1, CA2, and CA3 region. The GrDG should be visible in the video. 
4.10. After collection, move the LCM Macro Caps to the “QC position” [1-SCREEN] and inspect for complete tissue adherence by visually ensuring that UV cut tissue is attached to the membrane [2-MCU]. 
4.10.1. SCREEN CAPTURE: The software manipulation is performed on screen as described. 
4.10.2. The drawer opens and the caps are visible. One of the caps is picked up by gloved figures and moved as if being inspected for tissue adhesion. 
4.11. Harris: It is imperative that the user makes sure the UV laser has cut around the entirety of the marked region. Failure to do so will result in incomplete tissue adherence to the LCM cap [1-INT]. 
4.11.1. Named Talent reads the soundbite to camera. 
4.12. Then quickly place each cap into a RNase-free 0.5 milliliter thin walled reaction tube containing 100 microliters of cell lysis buffer [1-MED]. Vortex the samples briefly to ensure complete lysis [2-MED-over the shoulder] and store at -80 C until ready to perform downstream genomic analysis [3-WIDE]. 
4.12.1. Talent places a cap into a reaction tube containing lysis buffer.
4.12.2. Talent vortexing the samples. 
4.12.3. Talent places a rack containing the tube samples into the -80. 
5. Results: LCM of Traumatic Brain Injury-Affected Brain Regions
5.1. The following are representative images of tissue sections collected from the ipsilateral side of injury site with infrared and UV laser functions on the LCM system [1-LM]. This is an area of the frontal association cortex [2-LM]. 
5.1.1. LAB MEDIA: 56134_Hellmich_Figure2. Show whole figure. 
5.1.2. LAB MEDIA: 56134_Hellmich_Figure2A. Show image. 
5.2. This image shows the same region after collection [1-LM]…
5.2.1. LAB MEDIA: 56134_Hellmich_Figure2B. Show image. 
5.3. …and this is the tissue on the cap after collection [1-LM]. 
5.3.1. LAB MEDIA: 56134_Hellmich_Figure2C. Show image. 
5.4. This image shows the components of the CA1, CA2, and CA3 pyramidal layers of the hippocampus located next to the fully formed horns of the granule layer of the dentate gyrus [1-LM].
5.4.1. LAB MEDIA: 56134_Hellmich_Figure2D. Show image. Video editor please highlight the ‘CA1’ ‘CA2’ and ‘CA3’ labels in time with the narration and highlight the ‘GrDG’ label when “granule layer of the dentate gyrus” is narrated. 
5.5. The CA2 and CA3 regions were collected [1-LM]… 
5.5.1. LAB MEDIA: 56134_Hellmich_Figure2E. Show figure. 
5.6. …and these cell populations are seen on the cap [1-LM]. 
5.6.1.  LAB MEDIA: 56134_Hellmich_Figure2F. Show figure. 
5.7. Here, an area of the nucleus accumbens core [1-LM] proximal and rostral to the anterior commissure was targeted [2-LM]…
5.7.1. LAB MEDIA: 56134_Hellmich_Figure2G. Show image. Video Editor please highlight the ‘aca’ label when “nucleus accumbens core” is narrated. 
5.7.2. LAB MEDIA: 56134_Hellmich_Figure2H. Show image. 
5.8. …and is faithfully reproduced on the cap. 
5.8.1. [bookmark: _GoBack]LAB MEDIA: 56134_Hellmich_Figure2I. Show image. 
5.9. Lastly, the suprachiasmatic nucleus rostral to the supraoptic chiasm [1-LM] was captured by LCM after TBI [2-LM]. 
5.9.1. LAB MEDIA: 56134_Hellmich_Figure2K. Show image. Video Editor please highlight ‘sox’ when “supraoptic chiasm” is narrated. 
5.9.2. LAB MEDIA: 56134_Hellmich_Figure2L. Show image. 

6. Conclusion (said by authors on camera)
6.1. Harris: Once mastered, this technique can be used to process one brain in approximately 8 hours including tissue preparation, staining, and LCM.
6.2. Harris: Following this procedure, other methods like epigenetic analysis can be performed to answer additional questions pertaining to methylation patterns, or microRNA expression. 
6.3. Harris: After watching this video, you should have a good understanding of how to perform LCM on multiple brain regions from the same brain. 
   

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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