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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? Y, Zeiss Stemi 2000 and Zeiss 47 50 52-9901 Stereo Zoom Microscope
2. Does your protocol demonstrate software usage? N
3. Which steps from the protocol section below are the most important for viewers to see? 
2.7., 2.9., 3.4., 3.5., 5.2., 5.4.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
The most difficult step is removing the meninges and choroid plexus (2.7 and 2.9). To ensure successful removal, extreme caution is used while removing, as well as cell strainers further in the procedure (5.1) to ensure no debris from these tissues are included in the final product.
5. Will the filming need to take place in multiple locations (greater than walking distance)? N


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements (Said by you on camera): All interview statements may be edited for length and clarity.

1.1. Jacquelyn R Dayton: This protocol is significant because it allows comparison of the microvasculature between different regions of the central nervous system as well as between different individuals [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.2. Jacquelyn R Dayton: This microvessel isolation technique can be completed in a single day and eliminates the need for ultracentrifugation or enzymatic dissociation [1]. 

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.3. Bryce G. Dorflinger: Removing the meninges and the choroid plexus can be difficult. Be sure to work slowly and carefully to ensure the complete removal of each tissue [1].

1.3.1. INTERVIEW: Above Talent speaking the statement above in an interview-style shot, looking slightly off-camera

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 Authors: please include the name of the institute that approved these animal studies here. University of California, Davis

Section - Protocol
2. Central Nervous System (CNS) Tissue Dissection
2.1. For CNS (C-N-S) tissue dissection from a small lissencephalic (lis-en-se-fal-ik) vertebrate specimen, place the harvested brain into a 15-milliliter conical tube containing MV-1 (M-V-one) solution on ice [1-TXT] and use forceps to retrieve the pituitary from the sella turcica (ter-sik-a) of the skull [2-TXT].
2.1.1. WIDE: Talent placing brain into tube, with MV-1 solution container visible in frame TEXT: See text for all solution preparation details
2.1.2.  SCOPE: Pituitary being harvested TEXT: e.g., here 10-week-old, 25-gram, male mouse shown

2.2. Place the pituitary in a 1.7-milliliter microcentrifuge tube of MV-1 solution on ice [1] and remove the skin and muscle to expose the vertebral column [2].
2.2.1. Pituitary being placed into tube, with solution container visible in frame 
2.2.2. Spine being exposed 

2.3. After removing the limbs, rib cage, and internal organs [1], use a 10-milliliter syringe equipped with an 18-gauge needle to flush the vertebral column with fresh MV-1 solution in a caudal to rostral direction throughout the lumbar vertebral foramen [2].

2.3.1. Rib cage being cut 
2.3.2. Tissue being flushed 
2.3.3. [Added shots] 2.3.2A- ECU
                                             2.3.2B- MEDSHOT
                                 2.3.2C- Result of flushed spinal cord

2.4. 

2.5. Then place the spinal cord in a 5-milliliter tube containing fresh MV-1 solution [1].

2.5.1. Talent placing spine into solution

2.6. Next, place the brain into a Petri dish under the dissecting microscope [1] and remove the meninges with the double-pronged pick [2]. Be sure to check the spinal cord to endure that no pieces of meninges are remaining [3].

2.6.1. Brain being placed into dish
2.6.2. SCOPE: Meninges being removed
2.6.3. [Added shot]- SCOPE: Spinal cord being inspected for remaining meninges
 
2.7. When necessary, use forceps, and iris and spring scissors to excise the olfactory bulbs and thalamus [1] and use the double-pronged pick to remove all of the choroid plexus from all of the brain ventricles [2].  Author comment: This step changed to 2.8

2.7.1. SCOPE: Bulbs and/or thalamus being removed Videographer: Important/difficult step          Author comment: This step changed to 2.8.1
2.7.2. SCOPE: Choroid plexus being removed Videographer: Important/difficult step
                       Author comment: This step changed to 2.8.2
2.8. use the forceps to separate the hypothalamus, cerebellum, brainstem, and cortex [1-TXT]. Author comment: This step changed to 2.7

2.8.1. SCOPE: Sections being separated TEXT: Separate optical lobes in non-mammalian species Author comment: This step changed to 2.7.1
2.9. For CNS tissue dissection from a large gyrencephalic (ji-ren-sa-fal-ik) vertebrate specimen, use a dissecting microscope and a double-pronged pick, forceps and iris and spring scissors to remove the meninges with from each CNS tissue [1-TXT], taking care to remove any pieces of choroid plexus from the brain ventricles [2].
2.9.1. SCOPE: 10-15 s Meninges being removed from at least one tissue Videographer: Important/difficult step TEXT: e.g., porcine CNS tissue  Author comment: This series was shot from both cameras.
[Added Shot] 2.9.1A- Cortex TEXT: Cortex
                      2.9.1B- Cerebellum TEXT: Cerebellum
                      2.9.1C- Brainstem TEXT: Brainstem                                                      
2.9.2. SCOPE: Choroid plexus being removed Videographer: Important/difficult step

3. CNS Tissue Homogenization

3.1. For homogenization of the harvested CNS tissues, mince each CNS region into 1-2-millimeter pieces within individual Petri dishes [1].

3.1.1. WIDE: Talent mincing tissue, with solution container visible in frame

3.2. To homogenize a small vertebrate specimen, use a transfer pipette to add 1 milliliter of MV-1 solution to suspend the minced tissue [1] then use the same transfer pipette to dispense the cortex, cerebellum, brainstem, optic lobe, and spinal cord pieces into individual 10-milliliter glass tissue grinders [2] and use a PTFE (P-T-F-E) pestle and 5 milliliters of MV-1 solution to grind each set of tissues for about 10 strokes [3-TXT].

3.2.1. [Added shot] - Talent adding MV-1 to Petri dish
3.2.2. Fragments being added to grinder
3.2.3. Tissues being ground TEXT: PTFE: Polytetrafluoroethylene

3.3. Transfer each tissue slurry into individual 15-milliliter conical tubes on ice [1] and use forceps to place the hypothalamus and pituitary in 100 microliters of MV-1 solution in individual 1.7-milliliter tubes [2].

3.3.1. Talent adding slurry to tube
3.3.2. Tissue being placed into 1.7-mL tube, with solution container visible in frame

3.4. Then carefully homogenize each tissue with a new micropestle [1-TXT].

3.4.1. Tissue being homogenized Videographer: Important step TEXT: Store homogenates on ice
3.4.2. Talent placing tube(s) on ice

3.5. To homogenize a large vertebrate specimen, use a beveled transfer pipette to transfer the minced tissue to a 55-milliliter glass tissue grinder [1] and attach the grinder to an overhead stirrer [2].

3.5.1. Talent adding tissue to grinder Videographer: Important step
3.5.2. Talent attaching grinder to stirrer

3.6. Add half of the recommended volume of MV-1 solution according to the specific CNS portion being homogenized as indicated in the Table [1] and turn on the overhead stirrer to approximately 150 rotations per minute [2].

3.6.1. LAB MEDIA: Table 5: JoVE Video Editor please emphasize 4.3. to 4.3.4. row
3.6.2. Talent turning on stirrer

3.7. Carefully move the glass tube up and down for about 30 seconds [1] before turning off the overhead stirrer to add more MV-1 solution [2] for additional homogenization until a homogenous slurry is obtained [3].

3.7.1. Tube being moved up and down
3.7.2. Solution being added
3.7.3. Shot of slurry

3.8. Then transfer the homogenized tissue to a 50-milliliter conical tube on ice [1].

3.8.1. Slurry being added to tube on ice

4. Microvessel Purification

4.1. For microvessel purification, sediment the homogenates by centrifugation [1-TXT] and discard the supernatants [2].

4.1.1. WIDE: Talent adding tube(s) to centrifuge TEXT: 10 min, 2000 x g, 4 °C
4.1.2. Supernatant being dicarded

4.2. For small vertebrate specimen microvessel isolation, pipet the cortex, cerebellum, brainstem, optic lobe, and spinal cord pellets in 5 milliliters of fresh ice-cold MV-2 solution per sample about 10 times [1] before adding more 5 milliliters of ice-cold MV-2 solution to each tube [2].

4.2.1. One tube being resuspended, with solution container and tube labels visible in frame
4.2.2. Solution being added to tube(s), with solution container visible in frame
 
4.3. Carefully flip the tubes to mix [1] and resuspend the hypothalamus and pituitary pellets in 1 milliliter of MV-2 solution [2].

4.3.1. Tube being flipped
4.3.2. Hypothalamus being resuspended, with pituitary pellet container label visible in frame

4.4. For large vertebrate specimen microvessel isolation, add 20 milliliters of ice-cold MV-2 solution to the cortex, cerebellum, brainstem, and spinal cord microvessel pellets [1] and resuspend the pellets in a tube revolver at 40 rotations per minute for about 5 minutes [2].

4.4.1. Talent adding solution to tube(s), with solution container visible in frame
4.4.2. Tubes on shaker, shaking
 
4.5. At the end of the resuspension, sediment the tissues by centrifugation [1-TXT] and slowly rotate each tube to allow the supernatant to pass along the wall to carefully detach the thick and dense myelin layer on the liquid interface from the tube walls [2].

4.5.1. Talent adding tubes to centrifuge TEXT: 15 min, 4400 x g, 4 °C
4.5.2. Tube being rotated/myelin being detached

4.6. Discard the myelin and liquid interfaces [1] and blot the inside wall of each tube with a spatula wrapped with a low-lint paper wipe [2-TXT].

4.6.1. Myelin and liquid interface being discarded
4.6.2. Inside of wall of tube being blotted TEXT: Suction myelin from hypothalamus and pituitary tube for small vertebrate specimens

4.7. Then use a twisted low-lint paper wipe to absorb excess liquid [1] and use low-binding tips to resuspend each pellet in 1 milliliter of MV-3 solution [2].

4.7.1. Excess liquid being wiped
4.7.2. Pellet being resuspended, with MV-3 solution container visible in frame

5. Microvessel Elution and Filtration

5.1. For microvessel elution and filtration, mix a few milliliters of fresh MV-3 solution to each tissue slurry to avoid aggregates [1] and strain each suspension through a pre-wet strainer into individual 50-milliliter conical tubes with mixing to avoid aggregates [2-TXT].

5.1.1. WIDE: Talent adding solution to tube, with solution container visible in frame
5.1.2. Solution being added to strainer TEXT: Cortex, brainstem, optic lobe, spinal cord, and pituitary: 100-micrometer strainer; Cerebellum and hypothalamus: 70-micrometer strainer

5.2. Place one 20-micrometer nylon net filter onto one modified filter holder per CNS region [2]. Transfer the filter holder onto a 50-milliliter conical tube and wet the filter with 5 milliliters of ice-cold MV-3 solution, making sure that the buffer pours down the filter holder into the conical tube [1].

5.2.1. Filter being rinsed Videographer: Important step
5.2.2. Talent placing filter onto filter holder Videographer: Important step
Author comment: Move step 5.2.2 before step 5.2.1. the filter being placed in the holder is the first step, then followed by the rinsing
5.3. 

5.4. Transfer the eluted microvessels onto each 20-micrometer nylon net filter [1] and rinse the microvessels with 5-10 milliliters of ice-cold MV-3 solution [2].

5.4.1. Microvessels being added to filter Videographer: Important step
5.4.2. Filter being rinsed Videographer: Important step

5.5. Use forceps to transfer each filter into individual beakers containing the ice-cold MV-3 solution [1] and gently shake each filter for about 30 seconds to detach the microvessels [2].

5.5.1. Talent placing filter into beaker, with solution container visible in frame
5.5.2. Filter being shaken
[bookmark: _GoBack]
5.6. After transferring to a 15-milliliter conical tube, collect the microvessels by centrifugation [1-TXT] and use a low-binding pipette to resuspend each pellet in 1 milliliter of ice-cold MV-3 solution [2].

5.6.1. Talent placing tube(s) into centrifuge TEXT: 5 min, 2000 x g, 4 °C
5.6.2. Shot of pellet if visible, then pellet being resuspended

5.7. Then transfer small vertebrate specimens into a 1.7-milliliter microcentrifuge tube for centrifugation for 5 minutes at 20,000 x g and 4 degrees Celsius [1].

5.7.1. Talent adding specimen to tube 

5.8. For large vertebrate specimens, transfer the suspension into individual 5-milliliter centrifuge tubes [1] and add 4 milliliters of MV-3 solution for centrifugation for 5 minutes at 2,000 x g and 4 degrees Celsius [2].

5.8.1. Talent adding suspension to tube
5.8.2. Talent adding solution to tube, with solution container visible in frame


Section – Results
6. Results: Representative Microvessel Protein Expression 

6.1. The intrinsic components of the neurovascular unit can be detected within microvessels isolated as demonstrated [1], including the cortical [2] … cerebellum [3] … pituitary [4] … hypothalamus [5] … brainstem [6] … and spinal cord microvessel specimens [7].

6.1.1. LAB MEDIA: Figures 3B, 3C, 3D, 3E, 3F, and 3G
6.1.2. LAB MEDIA: Figures 3B, 3C, 3D, 3E, 3F, and 3G: JoVE Video Editor please emphasize multicolored image in Figure 3B
6.1.3. LAB MEDIA: Figures 3B, 3C, 3D, 3E, 3F, and 3G: JoVE Video Editor please emphasize multicolored image in Figure 3C
6.1.4. LAB MEDIA: Figures 3B, 3C, 3D, 3E, 3F, and 3G: JoVE Video Editor please emphasize multicolored image in Figure 3D
6.1.5. LAB MEDIA: Figures 3B, 3C, 3D, 3E, 3F, and 3G: JoVE Video Editor please emphasize multicolored image in Figure 3E
6.1.6. LAB MEDIA: Figures 3B, 3C, 3D, 3E, 3F, and 3G: JoVE Video Editor please emphasize multicolored image in Figure 3F
6.1.7. LAB MEDIA: Figures 3B, 3C, 3D, 3E, 3F, and 3G: JoVE Video Editor please emphasize multicolored image in Figure 3G

6.2. Likewise, the expression of adherens junction protein VE-cadherin [1] … tight junction proteins claudin-5 [2] and zonula occludens-1 [3] … tricellular junction protein angulin-1 [3] … and apicobasal markers C-X-C motif chemokine ligand 12 and gamma-glutamyltransferase 1 can be visualized [4].

6.2.1. LAB MEDIA: Figures 4C, 4D, 4E, and 4F: JoVE Video Editor please emphasize red signal in image in Figure 4C
6.2.2. LAB MEDIA: Figures 4C, 4D, 4E, and 4F: JoVE Video Editor please emphasize red signal in image in Figure 4D
6.2.3. LAB MEDIA: Figures 4C, 4D, 4E, and 4F: JoVE Video Editor please emphasize green signal in image in Figure 4D
6.2.4. LAB MEDIA: Figures 4C, 4D, 4E, and 4F: JoVE Video Editor please emphasize green signal in image in Figure 4E
6.2.5. LAB MEDIA: Figures 4C, 4D, 4E, and 4F: JoVE Video Editor please emphasize red signal in image in Figure 4F

6.3. Moreover, the majority of the microvessels are devoid of the expression of alpha-smooth muscle actin [1], indicating that this isolation protocol selectively targets small caliber microvessels [2].

6.3.1. LAB MEDIA: Figures 5B and 5C: JoVE Video Editor please emphasize alphaSMA- text, arrow, and bracket in image 
6.3.2. LAB MEDIA: Figures 5B and 5C: JoVE Video Editor please emphasize green data box in graph

6.4. Microvessels obtained from other mammalian, bird, and lizard small lissencephalic vertebrates share some morphological features, suggesting that this method is useful for the further characterization of differences in neurovascular units between species [1].

6.4.1. LAB MEDIA: Figures 6A, 6B, and 6C

6.5. Quantification of the changes in protein expression reveals an increase in vascular cell adhesion molecule-1 [1] and junctional adhesion molecule-B along spinal cord microvessels during the peak of experimental autoimmune encephalomyelitis [2].

6.5.1. LAB MEDIA: Figures 8D and 8E: JoVE Video Editor please emphasize red spinal cord data bar in VCAM-1 graph
6.5.2. LAB MEDIA: Figures 8D and 8E: JoVE Video Editor please emphasize red spinal cord data bar in JAM-B graph

6.6. However, vascular cell adhesion molecule-1 is also significantly increased in pituitary microvessels [1] and decreased in the hypothalamus and brainstem microvessels [2].

6.6.1. LAB MEDIA: Figures 8D and 8E: JoVE Video Editor please emphasize red pituitary data bar in VCAM-1 graph
6.6.2. LAB MEDIA: Figures 8D and 8E: JoVE Video Editor please emphasize red hypothalamus and brainstem data bars in VCAM-1 graph

6.7. In addition, changes are observed in vascular cell adhesion molecule-1 expression during chronic experimental autoimmune encephalomyelitis in all CNS tissues [1] and in junctional adhesion molecule-B expression in the hypothalamus and pituitary microvessels [2].

6.7.1. LAB MEDIA: Figures 8D and 8E: JoVE Video Editor please emphasize salmon data bars in Figure 8D
6.7.2. LAB MEDIA: Figures 8D and 8E: JoVE Video Editor please emphasize salmon hypothalamus and pituitary data bars in Figure 8E



Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Bryce G. Dorflinger: Qualitative analyses, such as western blot, PCR, and immunohistochemistry, can be performed following this procedure to reveal insights into gene and protein expression patterns within the blood brain barrier [1]. 
7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
7.2. Jacquelyn R. Dayton: Paraformaldehyde is an acutely toxic reagent and should always be handled in a fume hood while using proper PPE [1].
7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera


 2018, Journal of Visualized Experiments	Page 1 of 12
image1.png




