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A.	i) Does your protocol involve microscopy, such as filming a complex dissection or a microinjection technique, which will need to be filmed by JoVE? (Y/N) _Yes, the embryonic brain removal and dissection will both be beneficial to film using the stereo-microscope with the digital camera located in common facility* (Zeiss Axio Zoom.V16 with AxioCam).  These are marked [SCOPE] now.
Does the AxioCam record video or just take still photos?  
Yes, AxioCam can record movie, but it's monoclonal. We have another camera (Olympus DP20) suitable for recording dissection.

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?  List short steps (2-3 lines of text) from the highlighted parts of your protocol or any part if no highlighting was needed.
	__2.2__  _3.3___  ____  ____  ____  ____  

D.	What is the single most difficult aspect of this procedure and what do you do to ensure success?  
	__1.2__  	__1.3__  

E.	Will the filming need to take place in multiple locations? (Y/N) _N__


1. Introduction (Experimental Goal and Author Interviews)

A. Experimental Goal (read by voice talent at JoVE):

The overall goal of the stripe assay is to assess the ability of specific proteins such as guidance molecules to attract or repel neurons. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Satoru Yamagishi: This method can help answer key questions in the axon guidance field, such as how can neurons migrate or extend their axons in response to the extracellular environment. 
1.2. Satoru Yamagishi: The main advantage of this technique is that a large number of neurons can be visualized in a single experiment, and many growth cones can be analyzed simultaneously.   

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) at the Hamamatsu University School of Medicine.



Protocol (read by voice talent at JoVE):

2. Preparing the Matrices
2.1. In preparation, boil 4 to 8 silicone matrices in water for 5 minutes. [WID]
2.1.1. placing matrices into boiling water bath
2.2. Allow them to completely air dry [1.CU] under a laminar flow hood with their striped sides up.  This takes about an hour. [2.MED]
2.2.1. removing matrices from boiling water 
2.2.2. setting them up to dry under hood
2.3. Continue working under the hood. [1.MED] Use compressed air or sticky tape to remove any dust on the striped side of the matrices. [2.ECU]
2.3.1. tearing piece(s) of tape or preparing air hose
2.3.2. using tape or air to clean dust off matrices, use enough focus to show any dust that could be there
2.4. Then, carefully place each matrix into a separate 6-cm plastic dish, striped side down. [CU]
2.4.1. loading several dishes, each with a matrix, striped sides down
2.5. With one finger, press each matrix firmly.  [1.MED] Avoid trapping air bubbles between the matrix and the dish.  [2.CU]  If the matrix fails to attach, repeat the process. [3.CU]
2.5.1. pressing a matrix on one dish
2.5.2. pressing a matrix on the next dish
2.5.3. checking for bubbles and strength of attachment
2.6. Once attached, mark the location of the stripes on the bottom side of the culture dish. [ECU]
2.6.1. back of dish, talent marks where stripes are on attached matrix, show precision of the mark
3. Stripe Generation and Laminin Coating for Neuron Cultures
3.1. Prepare the fluorescently labeled recombinant proteins in PBS. [1.WID/TEXT]  Make 25 µL for each stripe dish.  [2.MED/TEXT] Let the mixture incubate at room temperature for 30 minutes. [3.MED/TEXT]
TEXT: 1 part Fc-tagged protein (10-50 µg/mL); 3 parts fluorescent dye-conjugated anti-human Fc antibody (30-150 µg/mL)
3.1.1. general preparations for next action, establishing shot
3.1.2. mixing proteins and PBS into solution for injection
3.1.3. capping and starting a 30 min countdown timer
3.2. Next, for each dish, load a 22-gauge syringe with 25 µL of diluted protein [1.MED] and inject it through the small hole on the side of the matrix. [2.ECU]
3.2.1. Loading the syringe
3.2.2. ejecting solution into a matrix
3.3. Satoru:  Avoid injection air bubbles into the matrices, as they will disturb the binding of your proteins onto the dishes.
3.4. Now, incubate the dishes for 30 min at 37 °C in a cell culture incubator. [WID]
3.4.1. loading dishes into an incubtaor
3.5. After the incubation, deposit 300 µL of PBS into the top slit of each matrix.  [ECU]
3.5.1. loading PBS into the top slit of a matrix
3.6. Then, aspirate the PBS from a small hole located on the side of each matrix [1.ECU] to remove all the unattached recombinant proteins. [2.ECU]  Do not fully aspirate the PBS because the proteins will dry out. [3.MED]
3.6.1. locating pipette tip to the side hole
3.6.2. sucking solution out from side hole
3.6.3. ejecting sucked out solution and repeating step with next matrix
3.7. Perform this PBS rinse a total of three times.  [MED/TEXT]
3.7.1. adding PBS back into the matrices, TEXT: Wash with 300 µL PBS 3X
3.8. Next, carefully remove the matrix from each dish. [ECU]
3.8.1. removing a matrix from a dish
3.9. Then, immediately add about 100 µL of control protein [1.CU/TEXT] over the entire striped area, creating an alternate coating on each dish. [2.ECU]
3.9.1. loading pipette with control protein, TEXT: 10-50 µg Fc / mL
3.9.2. ejecting control protein on striped area on dish
3.10. Next, incubate the dishes for 30 minutes at 37 °C.[MED]
3.10.1. placing dishes into a cell culture incubator 
3.11. Meanwhile, on ice, thaw laminin in PBS at 20 µg per mL. [WID]
3.11.1. talent goes from incubator to freezer, removes a laminin tube from the freezer and places it on ice
3.12. After thirty minutes, wash the dishes three times with PBS. [CU/TEXT]
3.12.1. washing technique performed on one dish, TEXT: Wash 3X with PBS
3.13. Then, coat each dish with about 100 µL of cold laminin [1.ECU] and return the dishes to the incubator for another hour. [3.5.1]
3.13.1. ejecting laminin solution onto a dish, repeating on next dish
3.14. An hour later, use PBS to wash the dishes three times again. [3.12.1] After the third wash, add about 150 µL of culture medium to each dish. [MED]
3.14.1. loading dishes with culture medium
3.15. Then incubate the dishes in a 5% carbon dioxide incubator at 37 °C until they are next needed. [WID]
3.15.1. finishes loading dishes, covers dishes and takes them to incubator
4. Removal of Hippocampal Neurons from E15.5 Mouse Embryos
4.1. After euthanizing a donor E15.5 mouse, [1.MED] cut the skin and skull sagittally at the midline of the head with surgical scissors and scoop the brain using a micro-spatula. [2.LM]
4.1.1. setting up the dead mouse for surgery
4.1.2. Author provided – a recording from the scope camera of the described actions above (4.1)
4.2. Carefully, transfer the brain to a 60-mm Petri dish containing 3 mL of HBSS. [ECU]
4.2.1. setting the brain into dish with HBSS and orienting it for dissection
4.3. In the dish, use a scalpel to cut out the hemispheres including the cortex, hippocampus and striatum. [LM]
4.3.1. Author provided – a recording from the scope camera of the described actions above
4.4. Then, dissect out the hippocampal regions by carefully removing the meninges.[LM]
4.4.1. Author provided – a recording from the scope camera of the described actions above
4.5. Transfer the dissected hippocampal tissues [1.ECU] to a 15-mL centrifuge tube containing 2 mL of HBSS solution, on ice.  [2.CU] 6 hippocampi from 3 embryos are sufficient for culturing neurons on 8 dishes. [3.MED]
4.5.1. picking up hippocampus pieces
4.5.2. transferring hippocampus pieces into 15 mL tube on ice, with solution
4.5.3. picking and move more hippocampus pieces
4.6. With all the hippocampus tissues collected, aspirate out the HBSS [1.CU] and replace it with 2 mL of trypsin/EDTA. [2.MED]
4.6.1. sucking HBSS out of dish with hippocampus tissues
4.6.2. taking aliquot of trypsin/EDTA and adding to dish with hippocampus tissues
4.7. Then,  incubate the tube for 15 minutes in a 37 ºC water bath. [MED]
4.7.1. Placing tube into water bath and starting a timer
4.8. Next, neutralize the trypsin activity by adding 500 µL of fetal bovine serum. [MED]
4.8.1. removing tube from the bath and adding FBS to the tube
4.9. Then, centrifuge the mixture at 100 g for 5 minutes. [MED]
4.9.1. loading tube into centrifuge and starting the cycle
4.10. Remove the supernatant [1.ECU] and wash the pellet with 2 mL of culture medium. [2.MED]
4.10.1. aspirating solution above pelleted tissue in tube
4.10.2. adding medium back to tube and mixing
4.11. Then, centrifuge the mixture again [4.9.1/TEXT] and replace the medium with more medium. [4.10.2]
TEXT: 100 x g,  5 min 
4.12. Now, dissociate the tissue with gentle trituration using a one mL pipette with a cut tip. [CU]
4.12.1. talent cuts tip off a pipette tip and attaches it to the pipetter
4.13. Flow the tissues up and down through the pipette tip about ten times. [ECU]
4.13.1. cut-tip pipette enters the tube and mixes tissues
4.14. Then, use an uncut 1-mL tip [1.MED] and repeat the trituration to obtain a single-cell suspension. [2.ECU]
4.14.1. attaches regular 1 mL tip to pipetter
4.14.2. regular tip pipette enters the tube and mixes tissues
4.15. Now, isolate the single cells by pressing the suspension [1.MED] through an 80 to 100 micron mesh cell strainer. [2.CU]
4.15.1. setting up to strain cells, starts pressing through strainer
4.15.2. detail of cell solution flowing past strainer into collection tube
4.15.3. [added] CU transfer cell suspension to 15 mL tube
4.16. Then, centrifuge the filtered suspension at 150 G for 5 minutes [1.MED-TXT], aspirate out the supernatant and resuspend the pellet in 2 mL of culture media. [2.ECU]
4.16.1. placing tube into centrifuge, programming and starting cycle TEXT: 150xg, 5 min
4.16.2. focus on spun down tube, pipette enters and removes solution and then enters and ejects fresh solution and mixes
4.17. Count the cells using a hemocytometer and plate 10,000 neurons in 150 µL of culture medium [1.MED] on each prepared stripe plate.  Carefully deposit the suspension to cover the entire stripe region.  [2.ECU]
4.17.1. loading cell solution onto the striped area of dishes
4.17.2. detail of cell solution being ejected precisely onto stripes
5. Results: Hippocampal Neuron Growth over FLRT2 Coated Substrate 
5.1. Dissociated hippocampal neurons from E15.5 mice were plated and cultured for 24 hours on stripes of fluorescently labeled control protein, Fc…
5.1.1. Fig 3A – zoom in on box and fade to A'
5.1.2. Fig 3A'
5.2. …or the neurons were plated on stripes of FLRT2-Fc alternating with non-labeled control Fc. (“flirt”)
5.2.1. Fig 3D – zoom in box and fade to D'
5.2.2. Fig 3D' – zoom in on box and fade to D''
5.2.3. Fig 3D''
5.3. [bookmark: _GoBack]In both cases, the neurons were aggregated, and extended their axons as bundles. On the Fc control, the neurons were distributed evenly and extended their axons in random directions.
5.3.1. Fig 3A – fade to next
5.3.2. Fig 3B – fade to next
5.3.3. Fig 3C – zoom in on box and fade to next
5.3.4. Fig 3C'
5.4. In contrast, when cultured with FLRT2-Fc stripes, the axons avoided growing on the FLRT2-Fc regions. Thus, the extending axons grew mainly on the Fc stripes. 
5.4.1. Fig 3D – fade to next
5.4.2. Fig 3E – fade to next
5.4.3. Fig 3F – zoom in on box and fade to next
5.4.4. Fig 3F'
5.5. Higher magnification shows that the axons grew along the border with FLRT2-Fc stripes but did not extend into the FLRT2 territory. 
5.5.1. Fig 3F' – zoom in on the box and fade to next
5.5.2. Fig 3F''

6. Conclusion (said by authors on camera)
6.1. Satoru Yamagishi: After watching this video, you should have a good understanding of how to make striped carpet of the recombinant proteins and assess the attractive or repulsive activity using dissociated hippocampal neurons.
6.2. Satoru Yamagishi: Once mastered, this technique can be done in 5_hours if it is performed properly.

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.  

5.1 to 5.5 - JoVE Figure 20151119.ai  (All figures are prepared in this file.)

Satoru, our video editors need to be provided single image files for each figure item called for in the script.  That may be a single figure or just a panel within a figure, e.g. 5.4.4. Fig 3F'.  Please make these unique image files, using the naming convention suggested here, which includes the number identity within this script. Then, upload the image files to your project folder.  Thank you!

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.
 2015, Journal of Visualized Experiments

