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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: ______Olympus SZX16 dissection microscope____________

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N_ 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. 
4.2, 4.3
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.) 2.2-2.5, 4.3
E.  Will the filming need to take place in multiple locations? (Y/N) ___N_ If yes, how far apart are the locations? ___________________________________________________ 
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 establish healthy long term cultures of primary mouse hippocampal neurons at ultra-low density in order to facilitate immunocytochemistry labeling and the study of neuronal cell autonomous mechanisms. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Shenfeng Qiu:  This method can help answer key questions in the neuroscience field, such as studies on a specific gene or protein in neuronal morphology or functional development. 
1.2. Shenfeng Qiu: The main advantage of this technique is that it allows ultra-low density hippocampal neurons to grow on the glass coverslips in the absence of a glia feeder layer.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. Shenfeng Qiu: Demonstrating the procedure will be Mariel Piechowicz, a student from my laboratory. 

1.3.1. Interview style: Author saying the above 

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

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 University of Arizona.
Protocol (read by voice talent at JoVE):
2. Brain removal and hippocampi dissection of E16.5-E17.5 mouse embryos 
2.1. Prepare two high density and two low density 24-well plates. Using a 28 gauge needle, etch the bottom of 24 well plates so that the displaced plastics will act as a support for the coverslips with low density neurons growing on them.  Transfer the sterile glass coverslips into the two 24-well plates designated for low density cultures.  Coat all four plates with 300ul of 0.1mg/ml poly-d-lysine diluted in borate buffer, and return them to the incubator for overnight incubation/coating.  Before tissue collection, prepare two 10-cm petri dishes filled with ice-cold, sterile HBSS [2.1.1-MED-over the shoulder-TXT].  
2.1.1. Talent fills two 10-cm petri dishes with HBSS. Text: HBSS: Hank's balanced salt solution

2.1.2. CU the dam as its abdomen is sprayed with 70% ethanol
2.1.3. CU the abdomen as a 2-cm long incision along the midline is made to expose the uterus

2.1.4. Talent transfers the embryos to a 10-cm diameter petri dish with cold dissecting HBSS buffer

2.2. Under the microscope, hold the embryo by the neck with the forceps, and make the first cut right on the midline below the cerebellum level [2.2.1-SCOPE-TXT].  Then, make a cut from the caudal region all the way through the rostral part of the embryo’s brain [2.2.2-SCOPE].  Subsequently, make a cut on the left side of the base of the skull [2.2.3-SCOPE]. 
2.2.1. *Film as written.  Text: Do not decapitate the embryo
2.2.2. *Film as written
2.2.3. *Film as written
2.3. Next, make another cut on the right side of the base of the skull [2.3.1-SCOPE].  Leave a small part of the skull bone and skin tissue at the rostral end uncut, so that the whole brain can be flipped aside for extraction easily [2.3.2-SCOPE].  Now, transfer the brain into the HBSS solution [2.3.3-CU]. 
2.3.1. *Film as written
2.3.2. A SCOPE movie to show a small part of skull bone and skin tissue at the rostral end are uncut
2.3.3. CU the brain as it is transferred into the HBSS solution
2.4. Inspect the brain to make sure that it is intact without gross cut-off regions [2.4.1-SCOPE].  Then, repeat the procedures to collect the rest of the embryo brains in a new petri dish containing 20 mL of cold HBSS buffer [2.4.2-SCOPE/CU]. 

2.4.1. A SCOPE movie to show that the brain is intact without gross cut-off regions
2.4.2. CU the petri dish as the last brain is collected in it. 
2.5. Position each brain with the ventral side up [2.5.1-SCOPE].  While holding down the brain with forceps at the caudal end, make a cut diagonally between the middle rostral point and the caudal-temporal region with a sharp tweezer [2.5.2-SCOPE].  Repeat this for the other hemisphere [2.5.3-SCOPE]. 
2.5.1. *Film as written
2.5.2. *Film as written
2.5.3. *Film as written
2.6. Afterward, separate the two hemispheres with intact hippocampus from the rest of the brain stem tissues [2.6.1-SCOPE].  Repeat the procedures for all the brains and pool all the dissected hemispheres together [2.6.2- CU/SCOPE].  Then, remove the meninges using two pairs of tweezers [2.6.3-SCOPE].
2.6.1. *Film as written
2.6.2. CU the dissected hemispheres as they are collected together 
2.6.3. *Film as written
2.7. Identify the developing hippocampus as a curved structure that is folded inside the temporal lobe and separate it from the adjoining cortical tissues [2.7.1-SCOPE].  Collect and pool all the hippocampi tissues together [2.7.2-CU/SCOPE].
2.7.1. *Film as written
2.7.2. CU all the hippocampi tissues as they are pooled together
3. Enzymatic digestion, separate into single neurons 

3.1. In this procedure, transfer all the dissected hippocampi into the enzymatic digestion solution in a 15 mL conical tube [3.1.1-MED-over the shoulder-TXT].  Next, place the tube inside a water bath and incubate at 37 °C for 25 min [3.1.2-CU-TXT].  After 25 min, carefully remove the enzyme solution [3.1.3-CU].
3.1.1. *Film as written. Text: Digestion solution contains 5 mL Wash medium with 0.25% trypsin + 1X DNase I
3.1.2. CU the tube as it is placed in a water bath.  Text: Gently invert the tube once every 5 minutes.
3.1.3. CU the enzyme solution as it is being removed by aspiration
3.2. Then, add 5mL of warm Wash medium to bring the total volume to 10 mL [3.2.1-MED-over the shoulder].  Gently wash the tissue by slowly inverting the tube 5 times [3.2.2-CU]. Remove the Wash medium, and add 10 mL of Wash medium again for an additional wash [3.2.3-CU].
3.2.1. *Film as written
3.2.2. *Film as written
3.2.3. *Film as written
3.3. After that, remove the Wash medium and add 3 mL of fresh warm Wash medium again [3.3.1-CU].  Shake the tube by hand rigorously for 15 times to dislodge the digested neurons from the tissue [3.3.2-CU].  The medium should become turbid once the cells are separated from the tissue into the Wash medium [3.3.3-CU]. 
3.3.1. *Film as written
3.3.2. CU the tube as it is shaken rigorously for 15 times
3.3.3. Show the medium being turbid
3.4. Then, collect the cell suspension in a new 15 mL conical tube while leaving the remaining tissue in the tube [3.4.1-MED-over the shoulder].  After that, add another 2 mL of Wash medium to the tissue [3.4.2-MED-over the shoulder], and gently separate the remaining tissue by triturating with a plastic pipette 15 times [3.4.3-CU].  
3.4.1. *Film as written
3.4.2. *Film as written
3.4.3. *Film as written
3.5. Let the cell suspension sit for 5 minutes before pooling it into a new 15 mL conical tube that contains the collected 'shake-off' cells [3.5.1-CU].  Then, count the density of neurons with a hemocytometer [3.5.2-MED-TXT].    
3.5.1. CU the tube as the cell suspension is pooled into it
3.5.2. Talent places the cells in the hemocytometer.  Text: 3000-5000 cells/µl and ~2.5 x 107 neurons from 6 embryos
3.6. Calculate the cell suspension volume needed to yield a density of 250,000 neurons/mL and add it to one of the two conical tubes containing 30 mL of Complete Culture medium to yield the high density neuron plating medium [3.6.1-MED-over the shoulder].  Transfer 1.2 mL of this high density neuron solution to another 30 mL of Complete Culture medium to yield a concentration of 10,000 neurons/mL and use this dilution to seed the low-density coverslips [3.6.2-MED-over the shoulder].
3.6.1. Talent adds the cell suspension to a conical tube containing 30 mL of Complete Culture medium
3.6.2. Talent transfers 1.2 mL of this high density neuron solution to another 30 mL Complete Culture medium
4. Plating of neurons and long term co-culture
4.1. In this procedure, place two 24-well plates with etched bottoms for high density neurons in the culture hood [4.1.1-MED-over the shoulder].  Remove 300 µL of the precondition medium by vacuum [4.1.2-CU].  Then, plate 0.6 mL of high density cell suspension at 250,000 neurons/mL [4.1.3-CU].
4.1.1. *Film as written
4.1.2. *Film as written
4.1.3. *Film as written
4.2. Place the other two 24-well plates with coverslips in the culture hood [4.2.1-MED-over the shoulder].  Remove 300 µL of the precondition medium by vacuum [4.2.2-MED-over the shoulder] before plating 0.6 mL of low density cell suspension at 10,000 neurons/mL on the coverslips [4.2.3-CU].
4.2.1. *Film as written
4.2.2. *Film as written
4.2.3. *Film as written
4.3. Afterward, return all four 24-well plates to the incubator and incubate for two hours [4.3.1-MED].  After that, flip the low density coverslips with adhering neurons to the high density culture and make sure the neurons are facing each other [4.3.2-CU].  Subsequently, return the two plates with co-culture to the incubator [4.3.3-CU].
4.3.1. Talent places the plates in the incubator
4.3.2. *Film as written
4.3.3. CU the plates of co-culture  as they are placed in the incubator
4.4. Feed the co-cultures by adding 300 µL of fresh Feed medium at DIV 5 [4.4.1-MED-over the shoulder-TXT].  Following this initial feeding, add 300 µL of fresh Feed medium without cytosine arabinoside to each well every week [4.4.2-MED-over the shoulder].  Should the culture be kept for more than one month, replace half of the medium with fresh Feed medium every week beyond one month time point [4.4.3-MED-over the shoulder-TXT].  Morphologically, both high density and low density neurons should look healthy up to three months [4.4.4-LM].
4.4.1. *Film as written. Text: DIV: day in vitro
4.4.2. Talent adds 300 µL of fresh Feed medium to a well
4.4.3. Talent replaces half of the medium with fresh Feed medium.  Text:  The first medium half-replacement is at DIV33
4.4.4. To be submitted by authors. Two images to show high density and low density neurons (Please label “high density” and “low density” to the corresponding images) The best image would be Figure 2 panel C (high density) and panel D (low density), please verify you can use these images.
5. Results:  Experimental manipulations of low density neurons grown in co-culture 
5.1. Here, immunocytochemistry labeling is used to reveal the functional glutamatergic synapses, in which NMDA receptor subunit NR1 and the AMPA receptor subunit GluR1 are labeled with double staining [5.1.1-LM], and the functional synapses can be readily identified and quantified using ImageJ [5.1.2-LM-TXT]. 
5.1.1. Figure 3A.tif: Show the large image on the left, then add white dotted square 
5.1.2. Figure 3A.tif: Add the enlarged image of the synapses on the right. Text: Functional synapses: co-localized puncta in yellow
5.2. Low density neurons are also labeled with antibody against dendritic protein marker MAP2, in combination with axonal protein marker p-Tau [5.2.1-LM].  This double-labeling allows clear distinction of dendrites and axons [5.2.2-LM]. 
5.2.1. Figure 3B.tif: Show the large image on the left, then add white dotted square
5.2.2. Figure 3B.tif:  Add the enlarged image on the right

5.3. Low density cultures can also be successfully transfected with DNA plasmids using calcium phosphate methods, although the transfection rate is typically very low at later stages [5.3.1-LM-TXT].  This figure illustrates that EGFP transfection can reveal neuronal morphology, and render fine dendritic spine structures visible [5.3.2-LM]. 
5.3.1. Figure 3C.tif:  Show the large image, then add white dotted square.  Text: < 0.2% neurons when transfected at DIV21
5.3.2. Figure 3C.tif:  Add the enlarged image on the right  
5.4. Lastly, as a proof of concept, ultra-low density neurons can be grown under conditions that promote autapse formation [5.4.1-LM]. These ultra-low density autaptic neurons grown on poly-D-lysine coated 'micro-islands' can be sustained by the high density feeder neurons to beyond 2 months with this co-culture protocol [5.4.2-LM].
5.4.1. Figure 3D.tif: Show image on the left
5.4.2. Figure 3D.tif: Add image on the right 
6. Conclusion (said by authors on camera)

6.1. Mariel P: Once mastered, this technique can be done in 2-3 hours on the day of cell culture if it is performed properly.

6.2. Mariel P:  While attempting this procedure, coating the 24-well plates and glass coverslips with PDL are critical.  A simply etch of the 24-well plate bottom provides adequate mechanical and nutritional support for the low density hippocampal neurons to grow on the coverslips.

6.3. Shenfeng Qiu: After watching this video, you should have a good understanding of how to prepare ultra-low density primary embryonic mouse neurons in the absence of a glia cell feeder layer, and hopefully utilize these neurons for your experimental purpose.   
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.
All the figure image files can be used at the Editor's discretion.
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.
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