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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ____Y____ If yes, please list make and model of your microscope: Nikon Eclipse TS100, Nikon C-DS (dissection scope)_ and specify the steps by number/short description: _2.5-2.8, 4.1, 4.4, 7 for the neonatal protocol and 5.3 and 5.4 for the adult protocol
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N___ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps_____2, 3, 4, 5, 6_for the neonatal protocol and 5.2, 5.3 for the adult protocol.

What is the single most difficult aspect of this procedure and what do you do to ensure success? For both the neonatal and adult protocols, adequate removal of meninges is the most difficult step. Removal of hippocampus in the neonatal protocol is also challenging. We use ice-cold HBSS to stiffen tissue as well as slow, methodical dissection helps with minimizing shredding of the delicate tissue.
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  
Procedural Narrative (Neonatal):
The overall goal of this procedure is to isolate primary microglial cells from the neonatal mouse cortex or the spinal cord of an adult mouse. (Intro) This is accomplished by first removing the brain of a postnatal day zero to two mouse pup or an adult spinal cord. (P1) Next, either the cortices are harvested from the neonatal tissue or the spinal cord tissue is digested. (P2) The cortical and spinal tissue cells are then cultured until experimental use. (P3) Ultimately, the harvested neonatal and adult micorglial cells can be analyzed by immunofluorescent microscopy. (P4)
(P1) with “removing .. pup” please show 2.4.2. (brain being removed from skull); with “adult spinal cord” please show 5.3.1. (spinal cord being removed)
(P2) with “either the cortices .. harvested” please show 2.6.2. (show only cortices being separated); with “spinal cord .. digested” please show 6.1.2. (Talent putting tube in incubator with TEXT)
(P3) please show 3.4.2. (culture being placed into incubator)
(P4) with “harvested neonatla” show Fig1.tif; with “adult microglial cells” show Fig 3.tif
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.   

· Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    

· Enter the name of the individual who will say each line. 

· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.

· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please also use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1. Jillian Nissen: The main advantage of the neonatal microglia dissection technique over existing methods, like shaking microglial cells from mixed cortical plates, is that with this technique the cells return to the resting state more readily and allow a more accurate picture of microglial behavior in vivo.   
1.2. Luisa Torres: The main advantage of culturing microglia from the adult spinal cord is that the cells can then be studied in the context of pathologies that mainly affect the adult central nervous system.
Protocol (read by voice talent at JoVE):
Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2. Neonatal Microglia Dissection: Day 0
2.1. Prior to the dissection, pre-coat 10 cm tissue culture dishes with 5 (g/ml of poly-d-lysine, or PDL, diluted in autoclaved water. After 3 hours at 37°C, aspirate the PDL and wash the plates once with autoclaved water. 
2.1.1. WIDE: Talent adding PDL to 1 or 2 tissue culture plates
2.1.2. MED: Talent removes plate(s) from 37°C

2.1.3. CU: Last few seconds of PDL being removed from one plate

2.1.4. CU: Few seconds of one plate being washed with water
2.2. Just prior to beginning the neonatal microglia dissection, dry the plates under the UV light in a tissue culture hood for 20 minutes. Then use a kimwipe soaked in 70% ethanol to disinfect the heads of the anesthetized postnatal day zero to two pups.
2.2.1. MED: Talent placing plate(s) under UV light
2.2.2. ECU: Discreet shot of one pup’s head being disinfected with kimwipe/ethanol (TEXT: Anesthesia: hypothermia)
2.3. After removing the heads with a pair of scissors, place four heads per plate in 10 cm petri dishes containing ice-cold Hank’s buffer saline solution. Using curved forceps, anchor the heads through the eye sockets, and then use straight microforceps to carefully remove the skin covering the skull.
2.3.1. MED: Talent putting last of heads into petri dish (Videographer: More close up on action of Talent moving arm/hand than focus on heads) 
2.3.2. ECU/CU: Discreet shot of head already anchored, then few seconds of skin being carefully removed with microforceps from one head
2.4. Then, beginning near the cerebellum, remove the cranial bones, taking care not to puncture or damage the cortices. Use a small spatula to remove the brains, pooling the organs in a fresh petri dish containing ice-cold HBSS.
2.4.1. ECU: Few seconds of at least cranial bones near cerebellum being removed (Video Editor: If possible, indicate cerebellum with arrow and “Cerebellum” when mentioned)

2.4.2. ECU: Shot of brain at least being lifted out of skull

2.4.3. CU: Shot of last brain being added to petri dish
2.5. Now, starting on the ventral side of the brain, hold the cerebellum with the microforceps to anchor the tissue, and then make two small incisions on either side of the midbrain without cutting all the way through the tissue.
2.5.1. SCOPE: Microforceps grasp brain, then each incision is made (TEXT: Cortices cover midbrain in this region) (Videographer: Need ~12-15 s of action if possible)
2.6. Gently tease the midbrain and cerebellum in one piece from the cortices, which should form a concave shape. Then separate the isolated cortices, and orient a single cortex, with the medial side up, for further dissection. 
2.6.1. SCOPE: Few seconds of midbrain being teased from cortices (Video Editor: If possible, please indicate the cortices with an arrow and “Cortices” when mentioned and/or trace the concave shape of the cortices when mentioned)
2.6.2. SCOPE: Shot of one pair of cortices being separated, then one cortex being oriented medial side up
2.7. [Spoken by Talent, interview style (looking just off camera)]: “For both the neonatal and adult protocols, adequate removal of the meninges is the most difficult step. Removal of the hippocampus in the neonatal protocol is also challenging. In both protocols, we use ice-cold HBSS to stiffen the delicate tissues and slow, methodical dissection to minimize any shredding.”
2.7.1. MED: Talent speaking the above, interview style 
2.8. Remove the crescent-shaped hippocampus located opposite the olfactory bulb, which appears as a small nodule on the pointed end of the cortex. Then flip the cortex over to view the dorsal side. 
2.8.1. SCOPE: Shot of hippocampus being isolated (Video Editor: If possible, please trace crescent-shape of hippocampus when mentioned and/or indicate the olfactory bulb with arrow and “Olfactory Bulb” with “which appears … cortex”)
2.8.2. SCOPE: Shot of cortex being flipped over
2.9. Next, using the olfactory bulb as a starting point, remove all the meninges and the olfactory bulb itself from the cortex. Then pool the dissected cortices into a 15 ml conical tube containing 14 ml of cold HBSS on ice.
2.9.1. SCOPE: Few seconds of meninges being removed and then olfactory bulb being removed (Videographer: Split action into separate steps as necessary)
2.9.2. MED: Talent adds last cortex into 15 ml tube
3. Cell Culture: Day 0
3.1. Now aspirate the HBSS from the cortices and use a p1000 pipette tip to triturate the cortices a few times. Add 4 ml of trypsin-EDTA to the tissues and then incubate the tissues at 37° C.
3.1.1. WIDE: Few seconds of Talent aspirating HBSS
3.1.2. CU: Cortices being triturated a few times
3.1.3. MED: Talent adds trypsin-EDTA to cortices
3.1.4. MED: Talent placing cortices at 37°C
3.2. After 15 minutes, stop the enzymatic digestion with 4 ml of complete microglial media and then spin down the cell suspensions for 5 minutes at 1000 x g and room temperature.
3.2.1. CU: Few second of digested tissue being mixed with media
3.2.2. MED: Talent placing tube(s) into centrifuge (TEXT: 5 min, 100 x g, RT)
3.3. After a second wash with 4 ml of complete media, resuspend the cell pellet in 10 ml of complete microglial media and then filter the cell suspension through a 40 (m mesh cell strainer.
3.3.1. CU: Shot of pellet if visible (TEXT: 5 min, 100 x g, RT), then pellet being resuspended in media
3.3.2. CU: Shot of cell suspension being filtered

3.4. Finally, plate the cells at a density of 8 cortices per 10 ml of microglial media in one of the PDL-coated 10 cm tissue culture plates and incubate the cells at 37° C and 5% CO2.
3.4.1. CU: Shot of cell suspension being added to at least one tissue culture plate (TEXT: 5-7x105 cells/ml) 
3.4.2. MED: Talent placing plate(s) into incubator (TEXT: Microglia do not grow in uncoated plates)
4. Cell Culture: Day 10
4.1. After 10 days of cell culture, detach the microglia by adding 400 (l of 60 mM Lidocaine in HBSS to the tissue culture plate and incubate the plate at room temperature for 10-15 minutes.
4.1.1. WIDE: Talent adding Lidocaine/HBSS to at least one plate
4.1.2. MED: Talent placing plate for RT incubation
4.2. Then collect the resuspened cells, rinse the plate once with HBSS, and collect the wash to recover any remaining microglia.
4.2.1. MED – over the shoulder: Few seconds of Talent aspirating cell suspension
4.2.2. CU: Few seconds of plate being rinsed with HBSS
4.2.3. CU: Shot of wash being aspirated
4.3. Next add 0.5 M EDTA to the cell suspension to a 5 mM final concentration and then spin down the cells.
4.3.1. MED: Talent adds EDTA to cells (TEXT: 5 mM or 1/100 dilution) 
4.3.2. CU: Shot of tube(s) being placed into centrifuge (TEXT: 5 min, 1000 x g, RT)
4.4. Resuspend the pellet in 1 ml of DMEM with 1% FBS and determine the number of viable cells by trypan blue exclusion. 
4.4.1. CU: Shot of pellet if visible, then DMEM/FBS being added to tube
4.4.2. CU: Trypan blue being added to hemacytometer (TEXT: ~1x106 microglia/4 brains) OR MED: Talent at microscope counting cells (TEXT: ~1x106 microglia/4 brains)
4.5. Then culture the cells at the desired experimental density, for example, for analysis by immunofluoresent microscopy, plate the cells at 2.5x104 cells per 18 mm coverslip.
4.5.1. MED – over the shoulder: Few seconds of Talent adding cells to at least one coverslip [TEXT: Allow 24 hrs for microglial cells to return to ramified (resting) state prior to use] 
5. Adult Microglia: Tissue collection
5.1. For adult microglia tissue collection, begin by using 70% ethanol to clean the spine of a euthanized adult mouse. Then use a pair of scissors to cut the skin above the spinal cord and proceed to cut the cord out from region T1 to T12. 
5.1.1. WIDE: Few seconds of Talent spraying/cleaning mouse’s back (TEXT: Euthanasia: CO2 asphyxiation)
5.1.2. CU: Few seconds of skin being cut

5.1.3. ECU: Few seconds of cord being cut out
5.2. Cut the remaining muscle off of the sides of the spinal cord, and then, gently holding the spinal cord with the fingertips of one hand, use microscissors to slowly cut the vertebrae without puncturing the cord. 
5.2.1. ECU: Few seconds of muscle being cut

5.2.2. CU: Shot of spinal cord held with fingertips, then few seconds of vertebrae being cut (TEXT: Spinal cord tissue is very soft)
5.3. Then use a pair of microforceps to slowly extract the spinal cord. Submerge the cord in a petri dish containing ice-cold HBSS and then remove all the visible meninges under the microscope.
5.3.1. CU: Few seconds of spinal cord being extracted
5.3.2. CU: Shot of spinal cord being submerged in HBSS
5.3.3. SCOPE: Few seconds of meninges being removed
5.4. Now cut the spinal cord into transversal segments no thicker than 2 mm to facilitate efficient digestion and then transfer the fragments to a 15 ml conical tube containing 1 ml of ice-cold HBSS on ice. 
5.4.1. SCOPE: Few seconds of cord being cut into segments
5.4.2. CU: Last fragment being dropped into tube

6. Digestion of spinal cord tissue 
6.1. To digest the spinal cord tissue fragments, begin by aspirating the HBSS from the spinal cord tissue, being careful not to disturb the tissue. Then incubate the tissue in 1 ml of trypsin at 37°C.
6.1.1. WIDE: Few seconds of Talent aspirating HBSS from cord tissue
6.1.2. MED: Talent placing tube(s) at 37°C (TEXT: 2.5 g/L irradiated porcine trypsin + 0.2 g/L EDTA in HBSS, 30 min, 37°C)
6.2. After 30 minutes, remove the trypsin and add 3 ml of primary microglia medium containing serum to halt the enzymatic digestion. After pipetting up and down a few times to dislodge the tissue, filter the cell suspension through a 40 (m cell strainer.
6.2.1. CU: Few seconds of trypsin being removed

6.2.2. CU: Shot of medium being added to tube

6.2.3. CU: Shot of cell suspension being filtered
6.3. Then mix an aliquot of the cell suspension with an equal volume of DAPI and count the cells under a fluorescent microscope to determine the total viable cell number. 
6.3.1. MED: Few seconds of Talent mixing aliquot of cell suspension with aliquot of DAPI (TEXT: Cell debris impedes trypan blue exclusion for adult microglial cell viability discrimination)
6.3.2. LAB MEDIA: fig 2.tif
6.4. Finally, plate the dissociated spinal cord tissue cells in PDL-coated plates at the appropriate experimental density. Perform a full media change 4 hours after plating to remove the excess cell debris. 
6.4.1. MED – over the shoulder: Talent plating cells in at least one PDL-coated plate (TEXT: Coat plates with PDL as demonstrated for neonatal microglia culture) 
6.4.2. CU: Shot of media being removed OR Shot of new media being added
7. Results: Representative images of neonatal and adult microglia
7.1. In this first set of images, resting and activated microglial cells are shown. 24 hours after plating, the microglia exhibit ramified, or resting, morphology. Exposure to the priming reagent bacterial lipopolysaccharide results in changes in microglial morphology to a more amoeboid shape as the cells become activated. The Iba1 (Pronounce: eye-bah one) staining, a marker specific for a macrophage and microglia cell surface protein and which appears in green, facilitates visualization of the cells. The bright field image shows the overall cell populations, and the DAPI, in blue, highlights the nuclei and indicates the purity of the culture. 
7.1.1. LAB MEDIA: Fig1.tif 
(Video Editor: with “microglia exhibit ramified, or resting, morphology” please highlight the top left and bottom left images
with “more amoeboid shape.. activated” please highlight the top right and bottom right images
with “Iba1 .. in green” please highlight the green staining in all the images
with “the bright field … populations” please highlight the bottom left image
with “DAPI in blue” please highlight the blue staining in the bottom left and bottom right images)
7.2. In this representative image of cells isolated from an adult mouse spinal cord, approximately 7 x105 viable cells were obtained. The brightfield and fluorescent microscope settings were combined to visualize DAPI positive cells as well as the hemocytometer grid for an accurate cell count.
7.2.1. LAB MEDIA: fig 2.tif (Video Editor: with “DAPI positive cells” please highlight the blue staining; with “the hemocytometer .. count” please highlight the red grid lines)
7.3. Microglia fully attach to PDL-coated culture plates after approximately two days in culture. Here microglia isolated from the spinal cord of MacGreen mice, which express GFP under the control of the microglia and macrophage promoter CSF-1, are shown. In the brightfield image, microglia, as indicated by the blue arrows, and astrocytes, as indicated by the red arrows, can be observed.
7.3.1. LAB MEDIA: Fig 3.tif (Video Editor: with “which express .. CSF-1” please highlight the green staining in the left image; with “microglia, as indicated by the blue arrows” please highlight the blue arrows and/or the cells indicated by the blue arrows; with “astrocytes .. red arrows” please highlight the red arrows and/or the cells indicated by the red arrows)
INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured 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.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

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/index/Details.stp?ID=1597
8. Conclusion (said by authors on camera)
Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line. You may revise the given prompts if necessary to better fit your protocol.
8.1. Jillian Nissen: Once mastered, this procedure can be completed in about an hour if it is performed properly.
8.2. Luisa Torres: Following this procedure, other methods like co-culturing microglia with other central nervous system cell types, can be performed in order to evaluate the effects microglia have on other cell types.
8.3. Robert Bronstein: After watching this video, you should have a good understanding of how to perform the delicate dissection necessary to obtain clean neonatal cortical as well as adult spinal cord cells, as well as how to produce viable microglial cultures from these cells for various downstream applications.
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, 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.  

Fig1.tif- Representative image of neonatal microglia after two days in culture at 40X

Fig 2.tif Representative image of the combined brightfield and fluorescence settings for cell counting at 10X

Fig 3.tif- Representative images of adult spinal cord microglia after two days in culture. Figure 3a is at 40X; Figure 3b is at 20X
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, as well as an introduction to your videographer, closer to your filming date.
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