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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____Y_____  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: ___Motic SMZ-168________________________

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___Y_____ If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps by their protocol numbers. Please do not list entire sections of the protocol. If your protocol contains highlighting, make sure these steps are highlighted. 

2.5 – 2.8 Isolating cortices

3.1 Mechanical dissociation

4.2 Plunging cells from column

4.3 Plating cells using multi-channel pipet and reservoir

6.1 Multi-channel aspiration, liquid handling technique, orbital shaking speed

6.4 Scanning plate and software analysis

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 to be filmed by their protocol numbers. (Please do not list an entire section.) ______________________

The most difficult step is probably the dissection and meninges removal (step 2.8). We ensure success by using pups are between P5-P7. Using older pups will make this procedure more difficult.
E.  Will the filming need to take place in multiple locations? (Y/N) _______ If yes, how far apart are the locations? ___________________________________________________ 

Multiple rooms will be required, but they are all close-by on the same floor. 

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 procedure is to isolate and culture rat oligodendrocyte progenitor cells, and quantify the oligodendrogenesis in response to experimental factors.

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

1.1. Emily Baxi:  Efficient oligodendrogenesis is a therapeutic goal in numerous areas of research including spinal cord injury, neonatal hypoxia, and demyelinating disease such as transverse myelitis and multiple sclerosis. 

1.2. Emily Baxi: The main advantage of this technique is that it combines a protocol for the isolation of large numbers of highly pure OPCs with a fast and reliable method to determine oligodendrogenesis from multiple experimental conditions simultaneously.
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. Leslie Kirby: Visual demonstration of the rat OPC isolation method is critical because multiple steps are performed under a light microscope using small dissection equipment. 

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) and Johns Hopkins School of Medicine.
Protocol (read by voice talent at JoVE):

2. Rat brain dissection

2.1. To begin this procedure, sterilize all the dissection equipment using a heated bead sterilizer [2.1.1-MED-over the shoulder].  Then, add 15-20 mL of PBS to a 50 mL conical tube [2.1.2-MED-over the shoulder].  Place the conical tube on ice and use it to hold the diced cortex tissue during dissection [2.1.3-CU].  Next, add cold PBS to a 10 cm petri dish, which will be used for dissection under the light microscope [2.1.4-MED-over the shoulder].
Use the  2nd take on this first sentence
2.1.1. *Film as written
2.1.2. *Film as written, Text: PBS without Ca2+ and Mg2+; 50 mL conical tube for 3-4 rat pup cortices
2.1.3. [combined with 2.1.2] CU The conical tube as it is placed on ice

2.1.4. Talent adds cold PBS to a 10 cm petri dish
2.2. After sacrificing the rat pups, cut the skin behind the ears along the midline using small scissors and peel the skin flaps back [2.2.1-CU].  Next, cut the cranium along the midline from the brainstem to the eyes, and be careful not to cut too deep in order to preserve the structure of the underlying cortex [2.2.2-CU].
2.2.1. [2.2.1 to 2.4.1 combined] CU a mouse as the skin behind the ears along the midline is cut and the skin flaps are peeled back
2.2.2. CU a mouse as the cranium is cut along the midline from the brainstem to the eyes
2.3. After that, make two lateral cuts inferior to the cerebellum by inserting small surgical scissors into the foramen magnum [2.3.1-CU].  Make an additional cut between the eyes, anterior to the olfactory bulbs [2.3.2-CU].  Carefully peel each half of the cranium back [2.3.3-CU].
2.3.1. *Film as written
2.3.2. *Film as written
2.3.3. *Film as written
2.4. Remove the whole brain and place it in a 10 cm petri dish filled with cold PBS [2.4.1-MED-over the shoulder].  Under a dissection light microscope, remove the olfactory bulbs and cerebellum with fine surgical forceps [2.4.2-SCOPE]. Flip the brain so that the ventral surface is visible [2.4.3-SCOPE].

2.4.1. Talent transfers the whole brain to a 10 cm petri dish filled with cold PBS
2.4.2. [single take audio slated to 2.8.2] SCOPE movie to show that the removal of the olfactory bulbs and cerebellum
2.4.3. SCOPE movie to show that the brain is flipped so that the ventral surface is visible
2.5. Then, using fine straight forceps, perform a blunt dissection by placing closed forceps tips between the cortex and hypothalamus to a depth of about 2/3 of the brain [2.5.1-SCOPE].  Open the forceps once they are in place, then repeat the procedure for the other hemisphere [2.5.2-SCOPE].   

2.5.1. *Film as written

2.5.2. SCOPE movie to show that the forceps are opened once they are in place

2.6. After that, tease the cortex from the hypothalamus and midbrain regions [2.6.1-SCOPE].  Remove the hypothalamus, thalamus, and midbrain by holding the midbrain at its posterior surface and peeling it towards the anterior end of the brain [2.6.2-SCOPE].  Subsequently, sever the anterior connections [2.6.3-SCOPE]. 

2.6.1. *Film as written

2.6.2. *Film as written

2.6.3. *Film as written

2.7. Using fine bent dissection forceps, remove the hippocampus and sever its connection to the cortex [2.7.1-SCOPE].  Then, remove the remaining striatum by scrapping it from the underlying cortex in an outward diagonal motion [2.7.2-SCOPE].  Clear the blood vessels and meninges from the ventral surface of the cortex [2.7.3-SCOPE].
Did you mean “scraping”? I did 2 takes.
2.7.1. *Film as written

2.7.2. *Film as written

2.7.3. *Film as written

2.8. Next, flip the brain so that the dorsal surface is visible [2.8.1-SCOPE].  Peel the meninges from the underlying cortex where the olfactory bulb is located [2.8.2-SCOPE]. 

2.8.1. *Film as written

2.8.2. *Film as written
2.9. Repeat the procedures for a total of 3-4 rat pups and place all the dissected cortices into a dry petri dish [2.9.1-MED-over the shoulder].  Chop them with a sterilized razor blade until 1 mm x 1 mm chunks are achieved [2.9.2-CU].  Then, collect the tissues by rinsing the dish with PBS before placing it back on ice [2.9.3-MED-over the shoulder].

2.9.1. Talent places the dissected cortices into a petri dish

2.9.2. [combined with 2.9.1] *Film as written
2.9.3. Talent collects the tissues by rinsing the dish with PBS

3. Enzymatic and mechanical tissue dissociation 

3.1. Now, using a glass Pasteur pipette attached to a pipette controller, mechanically dissociate the tissue by pipetting 10-15 times or until the tissue pieces are reduced in size and the solution has become cloudy [3.1.1-MED-over the shoulder].  Next, return the sample to the 37 ˚C tissue culture incubator for 15 minutes with continuous rotation [3.1.2-MED].

3.1.1. Talent dissociates the tissue by pipetting 10-15 times or until the tissue pieces are reduced in size and the solution has become cloudy
3.1.2. Talent places the sample in the incubator and turns it on with continuous rotation

3.2. After that, add 10 mL of PBS to each sample [3.2.1-MED-over the shoulder-TXT] and filter the homogenate through a 40 μm pore filter placed over a 50 mL tube [3.2.2-CU].  Then, rinse the filter with an additional 1-2 mL of PBS [3.2.3-CU].

3.2.1. *Film as written, Text: PBS with Ca2+ and Mg2+
3.2.2. CU the homogenate when it is filtered through a 40 μm pore filter
3.2.3. CU the filter as it is rinsed with additional PBS

3.3. Pool all of the homogenate samples into one 50 mL conical tube and acquire an overall cell count [3.3.1-MED].  After performing the cell count, split the homogenate evenly into the 15 mL conical tubes and centrifuge them for 10-12 minutes at 300 x g [3.3.2-MED].

3.3.1. Talent places sample in the hemocytometer for cell count

3.3.2. Talent places the tubes in the centrifuge Take 2
4. Anti-A2B5 bead application, column purification, and plating

4.1. Prime each LS column by adding 5 mL of column buffer and collect the flow through in a 50 mL conical tube [4.1.1-MED-over the shoulder].  Once the column buffer has completely passed through the upper chamber, apply 1,000 μL of the cell suspension to each column and allow the cells to run through by gravity [4.1.2-MED-over the shoulder]. 
4.1.1. Talent adds 5 mL of column buffer and collects the flow through in a 50 mL conical tube
4.1.2. Talent applies 1,000 μL of the cell suspension to each column and allows the cells to run through by gravity

4.2. Next, remove each column and place it into a 15 mL conical tube [4.2.1-CU].  Add 5 mL of column buffer and plunge the buffer through the column at a fast rate to dislodge the bound cells and release them from the column [4.2.2-CU].
4.2.1. Talent places each column into a 15 mL conical tube
4.2.2. [combined with 4.2.1] *Film as written
4.3. To plate the cells, dilute them with OPC proliferation media to 60,000 cells/mL [4.3.1-MED-over the shoulder-TXT].  Pipet 500 μL of cells along the side of each black, clear bottom well of a 24-well plate [4.3.2-CU-TXT]. Mix the cells by shaking the plate horizontally using a figure eight motion [4.3.3-CU]. 
4.3.1. *Film as written, Text: OPC: oligodendrocyte progenitor cell Take 2
4.3.2. [combined with 4.3.1] *Film as written, Text: 30,000 cells per well Take 1
4.3.3. CU the plate as it is shaken horizontally in a figure eight motion

5. Induction of OPC differentiation and fixation with 4% paraformaldehyde

5.1. In this procedure, place a 200uL pipet tip over a glass Pasteur pipet to ensure that the well is not damaged during aspiration [5.1.1-MED-over the shoulder].  Then, aspirate the media from the culture wells one treatment group at a time to avoid drying the cells [5.1.2-CU].  After that, slowly add 500 μL of treatment master mix along the side of the well using a 1 mL pipet [5.1.3-CU].

5.1.1. *Film as written
5.1.2. CU the well as the media is aspirated

5.1.3. CU the well as 500 μL of treatment master mix is added along the side of it

5.2. Incubate the cultures and perform a full media exchange with fresh treatment media every 2-3 days [5.2.1-MED].  At the end of the desired treatment period, aspirate the media [5.2.2-CU].  Slowly add 400 μL of PFA to the side of the well to fix the cells and incubate the plate for 20 minutes at room temperature [5.2.3-CU-TXT]. 
5.2.1. Talent changes the media

5.2.2. CU the well as the media is aspirated

5.2.3. CU the well as 400 μL of PFA is added to the side of the well, Text: PFA: paraformaldehyde
5.3. After 20 minutes, aspirate PFA and slowly add 500 μL of sterile D-PBS to wash the cells [5.3.1-MED-over the shoulder-TXT].  Repeat the wash two more times and do not aspirate the final wash [5.3.2- MED].
5.3.1. Talent aspirates PFA and slowly adds 500 μL of sterile D-PBS to wash the cells, Text: D-PBS with Ca2+ and Mg2+
5.3.2. Talent repeats the wash once

6. Immunocytochemistry and quantification of myelin basic protein

6.1. Now, bring the plate to room temperature, aspirate the wells and add 250 μL of D-PBS containing 5% NGS and 0.1% Triton X-100 [6.1.1-MED-over the shoulder].  Incubate the plate at room temperature for 1 hour with gentle orbital shaking [6.1.2-CU].
6.1.1. Talent aspirates the wells and adds 250 μL of D-PBS
6.1.2. CU the plate as it is in gentle orbital shaking
6.2. Prepare the primary incubation solution by diluting mouse monoclonal anti-MBP antibody and rabbit polyclonal anti-Olig2 antibody in D-PBS containing 5% NGS [6.2.1-MED-over the shoulder-TXT].  Then, incubate the primary antibodies at 4 °C overnight for 16-18 hours with gentle orbital shaking [6.2.2-CU].
6.2.1. *Film as written, Text: Refer to the accompanying manuscript for details

6.2.2. CU the antibodies as they are placed in the incubator

6.3. While washing the plate, prepare the secondary incubation solution by diluting the anti-mouse 680 and anti-rabbit 800 antibodies in D-PBS containing 5% NGS [6.3.1-MED-TXT].  Next, aspirate the final wash and add 250 μL of secondary incubation solution [6.3.2-MED].  Protect the plate from light and incubate it at room temperature for 1 hour with gentle orbital shaking [6.3.3-CU].
6.3.1. *Film as written, Text: Refer to the accompanying manuscript for details

6.3.2. *Film as written
6.3.3. CU the plate as it is covered with foil

6.4. After that, scan the plate using an imaging system capable of detecting 700 nm and 800 nm fluorescence emissions [6.4.1-MED].  As a starting point, set the focal offset to 3 and sensitivities to 1.5 for MBP, 5.0 for Actin, and 3.5 for Olig2 [6.4.2-SCREEN]. Adjust the sensitivity values as needed to avoid signal overexposure [6.4.3-SCREEN].

6.4.1. Talent places the plate in a  scanner

6.4.2. To be submitted by authors.  A SCREEN movie to show that the focal offset and sensitivity are set
6.4.3. To be submitted by authors.  A SCREEN movie to show that the sensitivity values are adjusted.
7. Results: OPC culture and differentiation procedure 
7.1. In this schematic, the DIFS assay begins with freshly isolated A2B5-positive rat OPCs plated on PLL-coated culture vessels [7.1.1-LM-TXT].  These cultures are proliferated for 3 days in the presence of 20 ng/mL PDGF-AA [7.1.2-LM], and then treated with experimental factors in fresh PDGF-free media on Day 0 [7.1.3-LM].  Treatment media is fully replenished on Day 2 [7.1.4-LM], and the cells are fixed with 4% paraformaldehyde on Day 4 [7.1.5-LM]. 
7.1.1. Figure 3 upper panel.eps: Show schematic (without the items to be added in the following steps), then add text “Isolate and plate” and an arrow. Text: DIFS: dual-infrared fluorescence-scanning

7.1.2. Figure 3 upper panel.eps: Add word “Proliferation”

7.1.3. Figure 3 upper panel.eps: Add  word “Treat” and an arrow on Day 0

7.1.4. Figure 3 upper panel.eps: Add  word “Treat” and an arrow on Day 2

7.1.5. Figure 3 upper panel.eps: Add  word “Fix and quantify” and an arrow on Day 4

7.2. Here, immunocytochemistry for Olig2 and MBP was performed on the representative cultures on Day 0 and Day 4 using DAPI as a nuclear counter stain [7.2.1-LM].  These cultures exhibit constitutive staining for the pan oligodendrocyte lineage cell marker Olig2 on Days 0 and 4 [7.2.2-LM], whereas staining for the mature oligodendrocyte marker MBP was only evident by Day 4 [7.2.3-LM].

7.2.1. Figure 3 lower panel.eps: Show figure

7.2.2. Figure 3 lower panel.eps: Highlight word “Olig2”

7.2.3. Figure 3 lower panel.eps: Highlight word “MBP”
8. Conclusion (said by authors on camera)

8.1. Leslie Kirby: After watching this video, you should have a good understanding of how to purify, culture, and differentiate A2B5-positive rat OPCs in order to quantify the effect of experimental factors on oligodendrogenesis.

8.2. Emily Baxi: The identification of factors that promote oligodendrogenesis is of particular relevance to the study of demyelinating diseases such as multiple sclerosis. Once mastered, the techniques described here may help identify such factors, and ultimately develop better therapeutics.

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.

( 2013, Journal of Visualized Experiments


