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Questionnaire:

A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___N______   
B.   Software Usage: 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 individual steps using the step numbers listed in this document. (Please do not list entire sections.) ___
2.1-2.4, 3.2-3.3________________________________________
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.) ___3.2, 3.3________________________
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? (Y/N) __N 
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.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)   
1.1. Anne Taylor: Microfluidic devices used to compartmentalize neurons have become a standard tool in neuroscience, enabling researchers to physically and chemically manipulate subcellular regions of neurons, including somata, dendrites, axons, and synapses.
1.2. Anne Taylor: These compartmentalized culture devices can help answer numerous questions in the neuroscience field, such as how axons extend during development to form synapses, how synapses reform and remodel following axon damage, and how pathological conditions propagate trans-synaptically in diseases like Alzeimer’s.

B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)   
1.3. Tharkika Nagendran: This protocol describes the use of a pre-assembled plastic multicompartment chip for compartmentalizing cultured primary rat neurons.  The main advantage of using these chips is that they provide an easy-to-use and highly reproducible method to compartmentalize neurons.

1.4. Anne Taylor: Another advantage is that these chips yield healthier long-term growth of neurons and isolated axons than previous silicone-based compartmentalized devices and are equally compatible with high-resolution microscopy.   

1.5. Tharkika Nagendran: Other model systems, including human stem cells, are also able to be cultured within the preassembled compartmentalized chip.
Protocol: (read by voice talent at JoVE)       

2. Preparation and Coating of the Multicompartment Chips

2.1. To begin, place a sterile, multicompartment chip into a Petri dish.  [1-MED Over the shoulder] Add 100 µL of a pre-coating solution to the upper left well of the chip and allow it to flow through the main channel into the adjoining well.  [2-CU]
2.1.1. Talent places the chip into a Petri dish

2.1.2. *Film as written
2.2. Next, fill the lower left well of the chip with 100 µL of the pre-coating solution. This time, wait 5 minutes to allow the solution to flow through the microgrooves.[1-CU]
2.2.1. Talent adds solution to the bottom left well

2.3. Now, add 100 µL of the pre-coating solution to the upper right well and allow it to flow through the main channel into the adjoining well. [1-CU] After 90 seconds, fill the lower right well with 100 µL of the pre-coating solution and incubate the chip for 10 minutes. [2-CU] 
2.3.1. *Film as written

2.3.2. *Film as written 

2.4. Carefully angle the pipette tip away from the main channel and aspirate the solution from each well. [1-CU-TXT] Then, immediately add 150 µL of PBS to the upper left well and wait one and a half minutes. [2-CU]
2.4.1. Talent properly angels the pipette tip and aspirates the channels (TEXT: CAUTION: Do not aspirate liquid from the enclosed main channels.)
2.4.2. Talent adds PBS to the upper left channel
2.5. Next, add 150 µL of PBS to the lower left well and wait 5 minutes to allow the liquid to flow through the microgrooves. [1-CU] Then, add 150 µL of PBS to the upper right, and lower right wells in that order. [2-CU] After 10 minutes, again aspirate the PBS and repeat the wash steps a second time. [3-CU] 
2.5.1. Talent adds PBS to the lower left well

2.5.2. *Film as written

2.5.3. Talent properly angles pipette tip and aspirates the liquid
2.6. Following the second wash, aspirate the PBS from the wells as before, by angling the pipet tip away from the channel opening.  [1-MED Over the Shoulder] Then, add 100 µL of 0.5 mg/mL poly d-lysine solution to the upper left well of the chip.[2-CU]
2.6.1. Talent aspirates the PBS as described 
2.6.2. Talent adds solution to the upper left well of the chip
2.7. Wait one and a half minutes and then fill the lower left well with 100 µL of the poly d-lysine solution…  Repeat this process on the right half of the chip.[1-MED Over the Shoulder]
2.7.1. Talent adds solution to the wells in the order listed

2.8. Close the Petri dish…[1-CU] Then, place the chip in an incubator at 37°C for 1 hour. [2-MED]
2.8.1. Talent closes the Petri dish

2.8.2. Talent places Petri dish into the incubator
2.9. After incubation, rinse the chip twice with PBS as previously described.  [1-MED Over the Shoulder] 
2.9.1. Talent rinses the chip with PBS
2.10. Next, aspirate the PBS from the device…  Immediately add 100 µL of cell culture media to the upper left well of the chip. [1-CU] After one and a half minutes, add media to the lower left well. [2-CU] Wait 5 min to allow media to flow through the microgrooves and then repeat the filling process on the right side of the chip.[3-MED Over the Shoulder-TXT]. 
2.10.1. Talent removes PBS and adds media to upper left well

2.10.2. Talent adds media to the lower left well

2.10.3. Talent adds media to the wells on the right side of the chip TEXT: Incubate chip at 37°C until cells are ready to plate
3. Seeding Neurons into the Multicompartment Chips

3.1. Prepare a cell suspension of dissociated rat hippocampal neurons according to established protocols. [1-MED Over the Shoulder-TXT]
3.1.1. Talent resuspends cell pellet (TEXT: Cell density: 12 × 106 cells/mL. We recommend no fewer than 70,000 cells in each somatic compartment)

3.2. Remove the majority of media in each well of the chip, but leave the channels filled. [1-CU-TXT] 
3.2.1. Talent aspirates the media as described (TEXT: CAUTION: Aspirate away from the main channel and do not aspirate all of the liquid. Immediately add cells after aspiration)  

3.3. Next, immediately load 5 µL of the cell suspension into the upper right well and another 5 µL of cell suspension in the lower right well. When loading the cells, point the tip of the pipette towards the main channel. [1-CU]
3.3.1. Talent loads cells into the right side of the chip as described

3.4. After loading the cells, transfer the chip to a microscope stage [1-MED Over the Shoulder] and make sure that the neurons are in the main channel.[2-LM] 
3.4.1. Talent places the chip on the microscope stage and looks through the optics at the sample

3.4.2. 3_4_2_Taylor_58421.tif (Authors: Please submit an image of the neurons in the main channel representing this stage of the process.  Upload this image as 3_4_2_Taylor_58421.tif to your server page.)
3.5. After waiting 5 minutes for the cells to attach, add approximately 150 µL of neuronal culture media to each of the upper and lower right wells.  Then, add 150 µL of media to each of the upper and lower left wells. [1-CU] Cover the Petri dish and place the chip in a humidified tray in a 5% CO2, 37°C incubator. [2-MED]
3.5.1. Talent fills the wells in the order listed

3.5.2. Talent covers the dish and places it into humidified tray in the incubator  
4. Fluidic Isolation of the Axonal Compartment within the Chip

4.1. First, remove 20 µL from the lower left well of the axonal compartment and place it into the upper right well of the somatic compartment. Wait 2 min for flow within each channel to equilibrate. [1-CU]
4.1.1. Talent removes media from lower left and places it in the upper right well

4.2. Next, remove 50 µL of media from the axonal compartment and add 0.3 µL of 1 mM Alexa Fluor 488 hydrazide to this media. [1-CU] Pipette up and down to mix the solution and then return the media containing the fluorescent die back into the axonal compartment. [2-CU]
4.2.1. Talent places media and fluorophore into the same container
4.2.2. *Film as written

4.3. At this point, place the chip onto the microscope and image as desired. [1-MED Over the Shoulder]
4.3.1. Talent places the chip onto the microscope stage and looks into optics.
5. Performing Axotomy Within the Chip

5.1. To perform axotomy within the chip, first remove the media from the axonal compartment, keeping the pipet tip away from the entrance of the main channel. [1-MED Over the Shoulder] Store the removed media in a centrifuge tube for now. [2-CU]
5.1.1. Talent removes the media emphasizing the tilt of the pipette tip

5.1.2. *Film as written

5.2. Next, place the aspiration pipet near either entrance of the main channel of the axonal compartment and aspirate the axonal compartment completely. Continue to aspirate the area for 1 to 2 minutes. [1-CU-TXT]
5.2.1. *Film as written (TEXT: The vacuum pressure must be at least 18 inch-Hg)
5.4. Finally, replace the axonal compartment with the stored media… [1-CU] Then, cover the chip and return it to the incubator. [2-MED]

5.4.1. Talent replaces the media

5.4.2. Talent places covered chip in the incubator.

5.3. Make sure that solution is completely removed from the compartment and the axons are severed [1-MED Over the Shoulder] by looking at the sample under a microscope. [2-LM] 

5.3.1. *Film as written 
5.3.2. 5_3_2_Taylor_58421 (Authors: Please submit an image of the neurons in the main channel representing this stage of the process.  Upload this image as 5_3_2_Taylor_58421.tif to your server page.)
5.3. Finally, replace the axonal compartment with the stored media… [1-CU] Then, cover the chip and return it to the incubator. [2-MED]
5.3.1. Talent replaces the media

5.3.2. Talent places covered chip in the incubator.

6. Fluorescence Immunostaining within the Chip 

6.1. To begin fluorescence immunostaining, remove most of the media from the chip, keeping the interior compartments hydrated…  Immediately add 100 µL of fixation solution to the top wells of the axonal and somatic compartments. [1-MED Over the Shoulder – TXT]
6.1.1. Talent removes the media and then adds fixative from a well-marked container. (TEXT: Fixation solution: 4% formaldehyde in PBS, 1 µM MgCl2, 0.1 µm CaCl2, 120 mM sucrose)

6.2. After 1 min, add 100 µL of fixation solution to the bottom wells and fix the cells for 30 min at room temperature. [1-CU]
6.2.1. Talent adds fixation solution to the bottom wells and covers the chip.

6.3. Remove most of the solution from the wells and immediately add 150 µL of PBS to each of the top wells of the axonal and somatic compartments. [1-CU] Wait 2 min for the PBS to flow into the bottom wells.  Then, remove the PBS and rinse the wells twice more using this same process. [2-MED Over the Shoulder]
6.3.1. *Film as written

6.3.2. *Film as written
6.4. Following the last rinse, remove most of the PBS from the wells of the chip and immediately add 150 µL of PBS with 0.25% TritonX-100 to each of the top wells of the axonal and somatic compartments. [1-CU]
6.4.1. Talent removes PBS and adds PBS/TritonX-100 to the wells as described
6.5. Wait for 15 minutes and then remove most of the liquid from the wells. [1-MED Over the Shoulder] Immediately add 150 µL of blocking solution to each of the top wells of the axonal and somatic compartments. [2-CU-TXT]
6.5.1. *Film as written 
6.5.2. *Film as written (TEXT: Blocking Solution: 10% normal goat serum in PBS)
6.6. After 15 minutes, remove most of the liquid from the wells and immediately add 100 µL of the primary antibody solution to each of the top wells of the axonal and somatic compartments. [1-CU]
6.6.1. Talent removes the PBS from the chip and adds primary Ab to the top wells.
6.7. Cover the chip to minimize evaporation and incubate the cells in the primary antibody for 1 hour at room temperature. [1-MED Over the Shoulder]
6.7.1. Talent covers the chip and sets it aside.
6.8. Next, rinse the chip by removing most of the solution and immediately adding 150 µL of PBS to each of the top wells of the axonal and somatic compartments. [1-CU] After 5 minutes, remove the PBS from both wells and repeat the rinse two more times. [2-CU]
6.8.1. Talent removes solution and adds PBS to the top wells 
6.8.2. Talent repeats the process.
6.9. Now, remove most of the liquid from the wells and immediately add 100 µL of secondary antibody in PBS to each of the top wells of the axonal and somatic compartments. [1-CU] Cover the chip to minimize evaporation and incubate the chip for 1 hour at room temperature. [2-MED Over the Shoulder]
6.9.1. Talent removes PBS and adds secondary antibody as described

6.9.2. Talent covers the chip

6.10. As previously shown, rinse the chip 3 times with PBS.. [1-MED Over the Shoulder] Then, mount and image the chips as described in the accompanying text protocol. [2-MED Over the Shoulder]
6.10.1. Talent adds PBS to the chip

6.10.2. Talent places the chip on the microscope and looks through the optics.
7. Results: Neuronal Growth within Multi-compartment PDMS and Plastic Devices 
7.1. Shown here is a side by side comparison of neurons grown on plastic chips and PDMS devices.  [1-LM] Neuronal growth is comparable within the two platforms up to 15 days in culture, but at longer culture ages, isolated axons within the plastic chip appear healthier with less beading.[2-LM]
7.1.1. Figure 5a (Video Editor: Show the PDMS and Plastic Chip device images at days 3 and 7.  Label as shown in the figure.)

7.1.2. Figure 5a (Video Editor: Show the PDMS and Plastic Chip device images at days 15 and 22.  Label as shown in the figure. Highlight the 15 day images with the first half of this statement and the 22 day images with the 2nd half.)

7.2. To further visualize axons within the axonal compartments, these samples were also immunostained for β-tubulin III which shows healthy axonal growth within the plastic chips at 22 days in culture. [1-LM]
7.2.1. Figure 5b (Video Editor: Label images as shown in the figure.  Highlight the “Plastic Chip” image with the 2nd half of the sentence)

7.3. Further staining with 24 day samples show neurons grown in the plastic chips to express both the excitatory and inhibitory synaptic markers, vGlut1 and vGat. [1-LM]  Here are the two synaptic markers combined with retrograde labeled mCherry neurons.[2-LM]
7.3.1. Figure 7a-b (Video Editor: Label Figure 7a “vGlut1” and 7b “vGat”)

7.3.2. Figure 7d-e (Video Editor: Add a label with “Green = vGlut1, Blue = vGat, Red = Neurons”)
7.4. To demonstrate the suitability of this chip for axon injury and regeneration studies, retrograde labeled neurons were imaged before… and 24 hours after axotomy. [1-LM] A retraction bulb and regenerating axon are both evident following axotomy. These results are equivalent to published data using PDMS-based devices.[2-LM]
7.4.1. Figure 6 (Video Editor: Label the top image “Before Axotomy” and the bottom image “24-hr Post-Axotomy”. Highlight the top image with the word “before” and the bottom image with the words “24 hours after axotomy”.)

7.4.2. Figure 6 (Video Editor:Highlight the areas labeled by the arrows in the bottom image during this statement.)

8. Conclusion (said by authors on camera) 
8.1. Tharkika Nagendran: Plastic multicompartment chips provide an easy-to-use option for compartmentalizing neurons, providing long-term neuronal cultures which remain viable for longer than 3 weeks. 
8.2. Tharkika Nagendran: While attempting this procedure, it is important to remember to seed the appropriate number of neurons and make sure your incubator is well humidified during culture.

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.

( 2017, Journal of Visualized Experiments


