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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? N _________ If yes, please list make and model of your microscope: 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? N 
C.  Which steps of your protocol will viewers benefit most from having filmed? All are important: steps 5 and 6 are fast_
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  ___step 4; use a microscope to check when the water mask has become fully established in readiness for plasma treatment.
1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The overall goal of this procedure is to array single neurons in two microfluidic compartments for the preparation of a connected neuronal co-culture. (Intro)
Phonetic: “P-D-M-S”
This is accomplished by first replica moulding the microfluidic device in PDMS (Text overlay:  PDMS: poly(dimethyl siloxane)) and encapsulating the device by plasma bonding. (P1)
The second step is to pattern poly-lysine within the microfluidic device. This is achieved by (Video editor, use P2A1 and/or P2A2 here – JJW has provided images of the filled microfluidic device – Text overlay: dye used to aid visualisation) filling the device with poly-lysine, (Video editor, use P2 here) allowing a water mask to form by evaporation and then (Video editor, use P3 here) using a plasma treatment to remove the exposed poly-lysine to (Video editor, use P4 here) create the biomaterial pattern. (P2A1/2, P2, P3 and P4)
Next, (Video editor, use P5 A here) use a syringe to aspirate the neurons through the microfluidic circuit (Video editor, use P5 B here) for single neuron arraying. (Video editor, use P5 C here) The device is placed in the tissue culture incubator for neurite outgrowths to extend and connect the two populations of neurons. (P5)
The final step involves (Video editor, use P6 (1st cartoon from left) here) using an aspiration pump to (Video editor, use P6 (2nd cartoon from left) here) selectively treat one compartment and (Video editor, use new P7 animation sequence from top to bottom) monitor the propagation of materials and pathology within the neuronal circuit. (P6. P7)
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   
[image: image1.png]P2A1

©000000000000000000000000000000

P6





P7: Sequence to be animated from top to bottom (see LAB_MEDIA: 51389_WEST_P7_Sequence.tif - is this an acceptable style for JoVE?):
B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. JW: The technique is ideal for high throughput screening applications as only a few hundred neurons are required for each experimental condition. (This should be moved to the end of the sequence (1.5)).
1.2. JW: Demonstrating the procedure will be Ya-Yu Chiang and Sarah Waide from the ISAS laboratory. 

1.2.1. Interview style: Author saying the above 

1.2.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

1.3. YYC: The main advantage of this technique over existing methods, like commercially available PDMS Campenot chambers, is that the neuronal co-cultures are prepared with single cell precision for the analysis of individual neurite outgrowths.   

1.4. SW:  This method can help answer key questions in the field of neuroscience. For example, “what is the mechanism underlying the propagation of hyperphosphorylated tau aggregates in Alzheimers disease?” or “how do infectious organisms spread throughout the brain?”.  

Protocol (read by voice talent at JoVE):

2. Microfluidic device replication in PDMS
2.1. Begin the procedure by mixing the PDMS pre-polymer thoroughly with the curing agent at a ratio of 10:1.  Next, degas the mixture in a vacuum dessicator for typically 20 min.  
2.1.1. MED-over the shoulder:  Talent mixing the PDMS pre-polymer with the curing agent.

2.1.2. CU:  The mixture as it is placed in a vacuum dessicator.

Phonetic: “S-U-8”
2.2. Then, place the 2-layer microstructured SU-8 wafer on an 80°C hotplate and align the polymer frames to each device on the wafer.  Pour PDMS into the frame (Text overlay: a depth of ≥5 mm) and allow 1 hr to ensure complete thermal curing.  Once cured, remove the wafer from the hotplate and allow it to cool on a flat surface.  
2.2.1. MED-over the shoulder:  Talent aligns the polymer frames to each device on the wafer.
2.2.2. CU:  The frame as PDMS is poured into it.  Text overlay: a depth of ≥5 mm.

2.2.3. MED:  Talent removes the wafer from the hotplate.

2.3. Afterward, wear protective eyewear, and gently prise the frame and PDMS from the wafer from one corner with a rigid scalpel.  Remove the PDMS mould from the frame and use a pair of scissors to tidy the device.  
2.3.1. MED-over the shoulder: Talent gently prises the frame and PDMS from the wafer from one corner with a rigid scalpel.
2.3.2. CU:  The PDMS mould as it is removed from the frame.

2.3.3. MED-over the shoulder:  Talent uses a pair of scissors to tidy-up the device of excess PDMS.
2.4. Apply the remaining PDMS to the entire wafer in order to protect it for storage. Upon peeling this PDMS layer off the wafer, any particulate contaminants are removed from the surface in readiness for repeat PDMS moulding.  
2.4.1. MED-over the shoulder:  Talent applies the remaining PDMS to the entire wafer. Can we imply time lapse required for the PDMS to cure?
2.4.2. MED-over the shoulder:  Talent removes any particulate contaminants from the surface upon peeling the PDMS layer off the wafer.
3. Device assembly 
3.1. Now, prepare the 6 interface ports using a 3-mm-diameter biopsy punch, with the microstructured features facing upwards to aid alignment of the ports with the microfluidic channels. Inspect the device for particulates and remove them using reversible adhesive tape.
3.1.1. MED-over the shoulder:  Talent prepares the 6 interface ports using a 3-mm-diameter biopsy punch.

3.1.2. CU:  The device as the particulates are removed with adhesive tape.
3.2. Next, prepare a thin PDMS layer mounted on a glass coverslip by pouring a small amount (Text overlay: ~0.5 mL) of the PDMS-curing agent mixture onto the Petri dish. Press a coverslip onto the PDMS layer, place it on the hotplate and thermally cure it for ~10 minutes.  Shortly after cooling and while wearing safety glasses use a scalpel to prise the coverslip-PDMS bilayer from the Petri dish. 
3.2.1. MED-over the shoulder:  Talent pours a small volume of the PDMS-curing agent mixture onto the Petri dish.  Text overlay: ~0.5 mL.
3.2.2. CU:  The PDMS layer with the coverslip as it is placed on the hotplate Text overlay: Cure for ~10 minutes.
3.2.3. CU:  The coverslip-PDMS bilayer as it is prised from the Petri dish.
3.3. To encapsulate the device a good PDMS–PDMS bond is needed. Place the PDMS bilayer and the microfluidic device in the plasma oven for 40 seconds. Once plasma treated, press both parts together for a minute to allow to fully bond.
3.3.1. MED: Talent places the PDMS bilayer in the plasma oven.  Text overlay:  70 W, 40 kHz, 0.2 mbar O2, 40 s – optimal conditions are instrument specific.
3.3.2. CU:  Bonding as both parts are pressed together.

4. Water masking for in situ biomaterial patterning by plasma stenciling
4.1. Shortly after plasma bonding, pipette 0.5 L of poly-lysine or poly-ornithine (Text overlay: 100 g/mL in 1 x PBS (dye used to aid visualization)) into the bottom centre port; the entire microfluidic circuit should be filled by capillary action within seconds.  Then, leave it for a few minutes to fully coat the hydrophilic PDMS surfaces with polyamines.
4.1.1. MED-over the shoulder:  Talent pipettes 0.5 L of poly-lysine or poly-ornithine into the bottom centre port.  Text overlay: 100 g/mL in 1 x PBS.
4.1.2. CU:  The PDMS surfaces as they are coated with polyamines.

4.2. Next, remove the unbound polyamines by aspiration-driven washing. Use a 4-way union to connect the pump to the upper three ports with equal length tubing and start aspiration. Add PBS to the bottom 3 ports and wash for 1 min.  Subsequently, detach the tubing and remove any remaining PBS from the ports. Transfer the device to a microscope and heat using illumination to increase evaporation from the ports for rapid water mask formation.
New shot: Show the layout of the tubing; from the pump to the 4-way union to the 3 equal length sections of tubing that connect to the device.
4.2.1. MED-over the shoulder:  Talent connects the tubing, aspirates, adds PBS, then stops aspiration, detaches the tubing and removes remaining PBS from the ports. 
4.2.2. Added to 4.2.1.
4.2.3. CU:  The device as it is placed under the microscope.
4.3. Inspect the device by microscopy to ensure water masking is complete. 
4.3.1. A video to show water mask formation process.

(This will be provided by JJW; 4_3_1_WaterMasking.wmv)
4.4. Then, insert stainless steel pins into the ports for coupling the plasma generated by a held-held corona discharge generator into the vacant microfluidic channels.  Point the tip of the plasma source close to the tip of one pin and plasma treat the microchannel for 1 sec.  
4.4.1. MED-over the shoulder:  Talent inserts stainless steel pins into the ports.

4.4.2. CU:  The tip of the plasma source is pointed close to the tip of one pin.

4.4.3. An image of plasma treatment in low light conditions.

4.5. Afterward, remove the water mask. Connect the 3 upper ports to the pump, and start aspiration and dispense PBS into the bottom 3 ports in order to draw PBS through the microfluidic circuit.  This produces a good PDMS-polylysine pattern.  Remove all PBS from the microfluidic circuit and leave for several hours or overnight to restore the native, hydrophobic state; this renders the exposed PDMS areas resistant to cell adhesion to complete the biomaterial pattern. Can we add clock animation to convey time lapse?
4.6. Combined with 4.5.
4.6.1. MED-over the shoulder:  Talent connects pump, turns it on, adds PBS and removes the water mask with a PBS wash. The excess PBS is removed and the device is left (overnight).
4.6.2. CU:  cut.
4.7. [Moved voice talent 7.1 to this step in the sequence] Here the pattern is visualized using poly-lysine labelled with fluorescein. LAB_MEDIA:  51389_West_Figure 3C (An image to illustrate the PDMS/poly-lysine pattern).
4.7.1. Combined with 4.5
4.7.2. Combined with 4.5
5. Microfluidic single neuron arraying and culture
5.1. In this procedure, prime the device with appropriate media by adding 20 L to each of the bottom 3 ports.  Then use parallel aspiration from the upper three ports to rapidly fill the microfluidic circuit with media.  
5.1.1. MED-over the shoulder:  Talent adds 20 L to the bottom 3 ports and starts the aspiration pump.
5.1.2. CU:  The device as talent’s finger pointing at/ showing the upper three ports while the microfluidic circuit is filled with media.

5.1.3. MED-over the shoulder:  Talent pointing at/ showing the 4-way tubing connector, then the aspiration pump.

5.2. Add 20 L of a disaggregated cell suspension (Text overlay: 1 x 106 neurons/mL) to each of the flanking bottom ports. Use a syringe to gently aspirate from the upper 3 ports; complete neuron arraying typically requires 1 min. Then, using a pipette, harvest excess neurons remaining in the ports for arraying in subsequent microfluidic devices. (Moved voice talent from 7.2) This example (Video editor use MEDIA 51389_West_Figure 4B here) shows how neurons are arrayed with single cell precision.
5.2.1. MED-over the shoulder:  Talent adds 20 L of a disaggregated cell suspension to each of the flanking bottom ports.  Text overlay: 1 x 106 cells/mL.

5.2.2. MED-over the shoulder:  Talent applies gentle aspiration from the upper 3 ports. Video provided: 5_2_2_NeuronArraying.wmv. MED-over the shoulder: Talent harvests excess neurons remaining in the ports with a pipette. 5.2.1 and 5.2.2 combined into one shot (Video editor use MEDIA 51389_West_Figure 4B here). 
5.3. After that, remove the tubing. Fill all ports with media, submerge the device in media and place the device in the incubator for the cells to become fully adherent on the biomaterial pattern within a few hours. As with normal cultures, the media should be replenished periodically. 
5.3.1. MED-over the shoulder:  Talent removes the tubing.

5.3.2. CU:  The device as all ports are filled.
5.3.3. (a) talent showing submersion of the device; and/or (b) submersion and putting into the incubator.
6. Neuron culture, Selective fluidic treatment and immunostaining – extensively edited.
6.1. Now, exchange the media by periodic perfusion using hydrostatic feed. Completely fill the inlet ports with media and leave the excess as a droplet extending beyond the top surface of the device.  Withdraw the required amount of fresh media with the cut pipette tip attached to a standard pipette.    

6.1.1. MED-over the shoulder:  Talent setting hydrostatic feed for perfusion.

6.1.2. CU:  The device as the inlet ports are filled with media and the excess is left as a droplet extending beyond the top surface of it.

6.1.3. MED-over the shoulder:  Talent withdraws the media with the cut pipette tip.

6.2. Next, seal the base of the tip with a sterile gloved finger and remove the tip from the pipette.  Transfer the media to the port and remove the finger as contact is made with the droplet.  Then, tap the tip and device to release any air bubbles.

6.2.1. CU:  The pipette as the base of its tip is sealed with a sterile gloved finger and then the tip is removed.

6.2.2. MED-over the shoulder:  Talent transfers the tip containing the media to the port and removes the finger as contact is made with the droplet.

6.2.3. MED-over the shoulder:  Talent taps the tip and device to release any air bubbles.

6.3. To selectively treat either neuron culture compartment or the central neurite outgrowth compartment, remove excess media and dispense 20 L of the test substance into the bottom port connected to the channel of interest, and aspirate from the port directly above. In this example, (Video editor, highlight Fig 5 “A”) a selective treatment has been applied to the central compartment, and in this example (Video editor, highlight Fig 5 “B”) a selective treatment has been applied to the flanking compartment. Treatments were established in 1 minute (Video editor, add red lines) and were maintained for 60 minutes (Video editor, add blue lines). The neuron co-cultures can then be monitored (Video editor, animate with the new image P7_Sequence.tif) to measure the propagation of materials or pathology. 
6.3.1. MED-over the shoulder:  Talent removes excess media, connects the device to the pump and dispenses 20 L of the (Text overlay: dye used to aid visualization) test substance into the bottom port of the channel of interest.

6.3.2. CU:  Turn on the pump to selectively treat a compartment.
6.3.3. LAB_MEDIA: 51389_West_Figure 5.  
6.3.4. LAB_MEDIA: 51389_West: P7_Sequence.tif.  
6.4. The neuronal co-cultures can be immunostained: Hydrostatic feed can be used to deliver the fixative and antibody reagents to the microfluidic device. Remove media from the ports and (Text overlay: dye used to aid visualization) fill the bottom ports with the reagent. Gravity drives the reagents throughout the device. 

6.4.1. We have a shot of media removal and bottom ports being filled with reagent (green).
6.5. [Moved voice talent 7.3 to this step] In this example (Video editor, zoom in Fig 4C), neurons have been cultured for 5 days and then stained with DAPI to image their nuclei and immunostained for actin to visualize their outgrowths. 

6.5.1. LAB_MEDIA: 51389_West_Figure 4C.
7. Results:   Microfluidic neuron arraying and selective fluidic treatments Show key results in the appropriate methodology section (see above).
7.1. Following plasma treatment the poly lysine coating is patterned. Here the pattern is visualized using poly-lysine conjugated with fluorescein. Move to 4.7.
7.1.1. LAB_MEDIA: 51389_West_Figure 3C.
7.2. This example (Video editor, zoom in B) shows how neurons are arrayed with single cell precision. Move to 5.2.  LAB_MEDIA: 51389_West_Figure 4B.

7.3. (Video editor, zoom in C) In this example, neurons have been cultured for 5 days and then stained with DAPI to image their nuclei and immunostained for actin to visualize the outgrowths. Move to 6.5.
7.3.1. LAB_MEDIA: 51389_West_Figure 4B-C
7.4. Move to 6.3. Aspiration-driven selective treatments of (Video editor, highlight “A”) central and (Video editor, highlight “B”) flanking compartments. The arrows (Video editor, add arrows) indicate the single port used for aspiration.  Treatments were established in 1 minute (Video editor, add red lines) and were maintained for 60 minutes (Video editor, add blue lines). The neuron co-cultures can then be monitored to measure the propagation of materials or pathology (Video editor, animate with the new image sequence shown in 7 of the Schematic Overview). 
7.4.1. LAB_MEDIA: 51389_West_Figure 5
8. Conclusion (said by authors on camera)

8.1. SW:  Once mastered, many microfluidic devices can be prepared in a single morning.

8.2. JW:  After watching this video, you will have a good idea of how to prepare minimalistic neuronal co-cultures in your own lab and use these to investigate mechanisms underlying material and disease propagation in the 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, 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, as well as an introduction to your videographer, closer to your filming date.

( 2011, Journal of Visualized Experiments


