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A.  Will you require JoVE to record video microscopy? N
B.   Does your protocol include descriptions of software usage? N
C.  Which steps of your protocol will viewers benefit most from having filmed? 2.4., 2.10.-2.13., 3.2.-3.4.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? 2.11 – Holding the cell strainer firmly in one had and precisely pipetting the dissociated cell solution in the center of the strainer.
E.  Will the filming need to take place in multiple locations? 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. Experimental Goal (read by voice talent at JoVE):

The overall goal of this experiment is to label and isolate the airway-innervating nodose neurons of the vagus nerve. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Maya Kaelberer: This method can help answer key questions in the peripheral neurobiology field, such as what identifying properties do airway-innervating neurons possess? 
1.2. Maya Kaelberer: The main advantage of this technique is that it provides a robust and high throughput method for targeting and isolating specific neuronal populations.   

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

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.3. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) of Duke University.

Protocol (read by voice talent at JoVE):
2. Sensory ganglia dissociation
2.1. After harvesting the sensory ganglia [2.1.1.-WIDE-TXT], aspirate 500 microliters of ganglia dissociation solution from each tube without disturbing the ganglia [2.1.2.-MED-TXT].
2.1.1. Talent picking up tube of ganglia (TEXT: See text for sensory ganglia dissection details)

2.1.2. Few seconds Talent aspirating GaDS, with other tubes of ganglia in frame if possible (TEXT: See text for all media/reagent preparation details)  
2.2. Next, add 1 ml of PBS to each sample [2.2.1.-CU] and wait for the ganglia to settle to the bottom of the tubes [2.2.2.-CU].
2.2.1. Few seconds PBS being added to tube, with PBS container visible in frame if possible

2.2.2. Few seconds ganglia settling at bottom of tube/settled at bottom of tube

2.3. Then remove the PBS [2.3.1.-CU] and add 1 ml of ganglia dissociation solution supplemented with digestion enzyme to the neurons [2.3.2.-CU], followed by the addition of 20 microliters of Fast Blue to the positive control tube [2.3.3.-CU].
2.3.1. Few seconds PBS being aspirated

2.3.2. GaDS + enzyme being added to tube, with GaDS solution container label visible in frame (TEXT: i.e. collagenase I/II and protease mix)

2.3.3. Fast Blue being added to tube labeled “control” or similar, with Fast Blue container label visible in frame if possible

2.4. Incubate the tubes at 37°C for the appropriate time based on the age of the digestion enzyme [2.4.1.-MED-TXT], shaking and flicking the tubes briefly every 15 minutes to ensure the ganglia are covered by the digestion solution [2.4.2.-MED]. 
2.4.1. Talent placing tube(s) at 37°C (TEXT: 1 mo old enzyme: 30 min digestion; 2-6 mo old: 45 min digestion; 6 mo old enzyme: 60 min digestion)
2.4.2. Few seconds Talent shaking and/or flicking at least one tube

2.5. While the nerve cells are being digested, slowly and carefully add 400 microliters of freshly prepared 12% density solution over 400 microliters of 28% density solution in one 1.5 ml tube per sample [2.5.1.-CU-TXT].

2.5.1. Few seconds density solution being layered, with 12% and 28% density solution container labels visible in frame if possible (TEXT: Caution: Do not mix layers)
2.6. Two distinct layers should be visible, one darker than the other [2.6.1.-CU].

2.6.1. Shot of layers (Video Editor: please indicate darker layer when mentioned if possible)

2.7. Next, label 1.5 ml collection tubes for sorting [2.7.1.-MED], including one Fast Blue positive [2.7.2.-CU] and one Fast Blue negative tube per sorting sample [2.7.3.-CU].
2.7.1. Few seconds Talent labeling tube

2.7.2. “Fast Blue positive”- or similarly-labeled tube being placed into rack or similar with label visible

2.7.3. “Fast Blue negative”- or similarly-labeled tube being placed into rack or similar with label visible
2.8. At the end of the digestion period, discard the digestion enzyme [2.8.1.-MED] and wash the ganglia two times with 1 ml of PBS as just demonstrated [2.8.2.-MED].

2.8.1. Few seconds Talent discarding enzyme

2.8.2. Few seconds Talent adding PBS to at least one tube, with PBS container visible in frame

2.9. After the second wash, add 200 microliters of fresh ganglia dissociation solution to each tube [2.9.1.-MED]. 
2.9.1. Few seconds Talent adding GaDS to at least one tube, with GaDS container visible in frame

2.10. Then, using a 200 microliter pipette set to a 100 microliter volume [2.10.1.-CU], pipette the ganglia up and down several times to dissociate the cells into a single cell suspension, taking care to avoid bubbles [2.10.2.-CU].

2.10.1. Few seconds 200 microliter pipette volume being set to 100 microliters (e.g. w/ numbers visible in shot)

2.10.2. Few seconds ganglia being pipetted a few times

2.11. When no intact tissue pieces are visible, holding a 70 micron cell strainer firmly in one hand, pipette the dissociated cell solution into the center of the strainer [2.11.1.-MED]. Then wash the dissociation tube with 100 microliters of fresh ganglia dissociation solution to collect any additional cells [2.11.2.-MED].
2.11.1. Few seconds Talent pouring cells through strainer

2.11.2. Few seconds Talent washing tube

2.12. Filter the wash through the strainer [2.12.1.-CU] and use a new pipette tip to aspirate any remaining cell-containing solution on the underside of the strainer [2.12.2.-CU], adding it to the cell suspension [2.12.3.-CU].

2.12.1. Few seconds wash being poured through filter

2.12.2. Few seconds solution being removed from bottom of strainer

2.12.3. Wash being added to cell suspension

2.13. Now carefully layer all 300 microliters of the cells on top of the previously prepared density gradient [2.13.1.-CU-TXT] and collect the ganglia cells by centrifugation [2.13.2.-MED-TXT].

2.13.1. Few seconds cells being layered onto gradient (TEXT: Avoid bubbles/layer mixing) 

2.13.2. Talent placing tube(s) into centrifuge (TEXT: 10 min, 2900 x g, RT)

2.14. While the cells are spinning, add 300 microliters of freshly prepared lysis buffer to the Fast Blue positive collection tube [2.14.1.-CU] and 600 microliters of lysis buffer to the negative collection tube to ensure that the sorting sheath fluid does not significantly dilute the lysis buffer [2.14.2.-CU-TXT].

2.14.1. Cells being added to FB+ tube, with tube label visible

2.14.2. Cells being added to FB- tube, with tube label visible (TEXT: <2000 cells add 300 microliters; >7000 cells add 600 microliters)

2.15. At the end of the centrifugation, carefully remove the top 700 microliters of solution containing the majority of the cell debris [2.15.1.-CU]. Then mix 700 microliters of fresh ganglia dissociation solution with the remaining cells [2.15.2.-CU].
2.15.1. Shot of layers, then few seconds top layer being removed

2.15.2. Few seconds cells/solution being pipetted up and down, with GaDS container label visible in frame

2.16. Pellet the cells by centrifugation [2.16.1.-CU-TXT] and carefully discard the supernatant [2.16.2.-CU].

2.16.1. Tube(s) being added to centrifuge bucket (TEXT: 15 min, 2900 x g, RT)

2.16.2. Few seconds supernatant being discarded

2.17. Then resuspend the cells in 200-300 microliters of sorting ganglia dissociation solution with a 1000 microliter pipette set to 200 microliters [2.17.1.-CU] and place the cells on ice until they are ready for sorting [2.17.2.-MED-TXT].

2.17.1. Shot of pellet if visible, then few seconds cells being resuspended, with sorting GaDS container label visible in frame if possible

2.17.2. Talent placing tube(s) on ice (TEXT: See text for ganglia cell sorting details)
3. RNA extraction

3.1. After purifying the ganglia cells by FACS, homogenize the neurons in lysis buffer for 1 minute with vortexing [3.1.1.-WIDE].
3.1.1. Few seconds Talent vortexing sample(s)
3.2. Next, mix the cells several times with 1 volume of 70% ethanol [3.2.1.-MED] and transfer up to 700 microliters of the sample to a spin column [3.2.2.-CU].
3.2.1. Few seconds Talent mixing cells with ethanol, with ethanol container label visible in frame

3.2.2. Few seconds sample being added to spin column

3.3. Centrifuge the column for 15 seconds at 8,000 x g in a microcentrifuge [3.3.1.-CU] and discard the flow-through [3.3.2.-CU].
3.3.1. Above shot of tube being placed into microcentrifuge 

3.3.2. Few seconds flow through being discarded (TEXT: Repeat for total sample volume)
3.4. When the entire sample has been passed through the spin column, extract the RNA according to standard RNA purification protocols [3.4.1.-MED].
3.4.1. Talent at bench, opening RNA extraction kit or similar representative shot

3.5. Then use a microfluidic electrophoresis system to test the RNA quality according to the manufacturer’s specifications [3.5.1.-MED].
3.5.1. Talent adding sample to instrument or similar representative shot
4. Results: Representative FACS and RNA extraction of dissociated ganglia cells
4.1. In these graphs, the negative [4.1.1.-LM] and positive Fast Blue controls used to set the sorting gates are shown [4.1.2.-LM].
4.1.1. 53917_Jordt_Figure2AB.ai: please highlight left graph
4.1.2. 53917_Jordt_Figure2AB.ai: please highlight right graph 
4.2. The dissociated Fast Blue-labeled nodose cells can then be sorted into Fast Blue positive [4.2.1.-LM] and Fast Blue negative populations [4.2.2.-LM].
4.2.1. 53917_Jordt_Figure2C.ai: please highlight/indicate left/gold side of graph
4.2.2. 53917_Jordt_Figure2C.ai: please highlight/indicate right/purple side of graph
4.3. The sorting efficiency for this method is 73-85%, with approximately 1500 or fewer Fast Blue positive [4.3.1.-LM] and nearly 60,000 Fast Blue negative cells collected on average [4.3.2.-LM].
4.3.1.  53917_Jordt_Figure2D.ai: please add/highlight/indicate 1,390 cell
4.3.2. 53917_Jordt_Figure2D.ai: please add/highlight/indicate 57,212 cell
4.4. As observed for this representative sample, the 18S [4.4.1.-LM] and 28S peaks attained by microfluidic electrophoresis [4.4.2.-LM] can then be used to calculate the RNA integrity number to determine the quality of the extracted RNA [4.4.3.-LM].
4.4.1. 53917_Jordt_Figure3.ai: please add blue bracket and line and 18S text or otherwise indicate 18S peak
4.4.2. 53917_Jordt_Figure3.ai: please add blue bracket and line and 28S text or otherwise indicate 28S peak
4.4.3. 53917_Jordt_Figure3.ai: please highlight/indicate green line and green RIN 7.9 text/coloring on left of graph (TEXT: RIN >7 required for sequencing)
5. Conclusion (said by authors on camera)
5.1. Maya Kaelberer: Once mastered, this technique can be completed in 4.5 hours if it is performed properly.

5.2. Maya Kaelberer: While attempting this procedure, it’s important to remember to move through the steps quickly and to use freshly prepared solutions for the RNA extraction.
5.3. Maya Kaelberer: Following this procedure, other methods like neuronal culturing, can be performed to answer additional questions, like what functional properties are unique to airway-innervating neurons?
5.4. Maya Kaelberer: After its development, this technique paved the way for researchers in the field of peripheral neurobiology to explore the unique properties of a specific airway-innervating population of neurons in the nodose ganglia of the vagus nerve in mice.

5.5. Maya Kaelberer: After watching this video, you should have a good understanding of how to label and dissociate specific neurons of the nodose ganglia, which can then be used for RNA sequencing or plated for functional studies. 

5.6. Maya Kaelberer: Don't forget that working with 2-mercaptoethanol can be extremely hazardous and that precautions, such as wearing gloves and working in a chemical hood, should always be taken when using this compound.   
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.  

53917_Jordt_Figure2AB.ai
53917_Jordt_Figure2C.ai
53917_Jordt_Figure2D.ai
53917_Jordt_Figure3.ai
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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