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A.  Will you require JoVE to record video microscopy through a microscope, such as filming a complex dissection or microinjection technique? (Y/N) N

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? Please list 4-6 steps: 

2.7, 2.8, 2.11, 2.12, 2.13, 2.14

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  The VNO cannulation step is (Step 3.12) is the most difficult to learn.  One must learn slow, steady movements under the dissection microscope, which we will finally be able to demonstrate for readers/viewers in this publication.
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 produce an ex vivo preparation of the functionally connected mouse vomeronasal organ, or VNO, (Pronounce: V-N-O) and accessory olfactory bulb, or AOB (Pronounce: A-O-B). (Intro) This is accomplished by first performing a coarse dissection of the mouse cranium to isolate a single hemisphere of the snout and olfactory bulb. (P1) In the second step, the delicate VNO axons and AOB are exposed through a secondary dissection in a tissue perfusion chamber. (P2) Finally, a thin cannula is inserted into the VNO, through which the odorant stimulus can be introduced. (P3) Ultimately, electrophysiological recordings can be used to measure the neural activity within the AOB during the VNO stimulation. (P4)

From 51813_Schematic_overview.png

(P1) show (P1) full head/top graphic, then have outer outline fade/shimmer/transition away so graphic becomes middle graphic, then have ¾ of middle graphic fade/shimmer/transition away and to become bottom (P1) graphic
(P2) zoom into bottom (P1) graphic until it looks like top (P2) graphic, then have VNO axons (add VNO text and red lines) and AOB (add AOB text) appear when mentioned

(P3) remove AOB/VNO text and insert cannula into graphic as in (P3) with “Finally … VNO” and then have cannula turn blue and “odorants” become released into VNO as in (P4) image (do not add electrode graphic)
(P4) JoVE_ex_vivo_Fig_4.jpg
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Wayne Doyle: The main advantage of this technique over other methods, like in vitro slice electrophysiology, is that with this technique the sensory organ and downstream neural circuits remain functionally connected. 

1.2. Julian Meeks: Visual demonstration of this method is critical, as there are many delicate dissection steps that are difficult to learn, and because errors on any one of these steps may result in a failed dissection. 
Protocol (read by voice talent at JoVE):
2. Primary dissection
2.1. To begin the primary dissection, first use Adson forceps to remove the parietal and frontal bones of the mouse’s skull, taking care not to make contact with the olfactory bulbs.
2.1.0. [added] WIDE: Zoom in from Talent (Wayne Doyle) to dissection (zoom in to hands). Euthanasia: Deep anesthesia + decapitation)
2.1.1. CU: Few seconds Talent removing skull bones. WIDE: Few seconds Talent removing skull bones TEXT: Euthanasia: Deep anesthesia + decapitation)
2.1.2. CU: Few seconds at least one bone being removed from skull
2.2. Next, use a scalpel to make a coronal cut through the frontal lobe 2 mm caudal to the sinuses, and then remove the brain caudal to the cut.
2.2.1. CU: Few seconds coronal cut bring made through frontal lobe

2.2.2. CU: 10-12s brain being removed (Video Editor: If possible, please FREEZE FREAME and/or indicate the tip of the scalpel contacting the bony contour of the ventral skull when mentioned) (TEXT: See text for additional dissection tips and tricks).

2.3. Use straight scissors to remove the exposed caudal aspects of the ventral skull, leaving the sinuses and remaining nervous tissue.
2.3.1. CU: Few seconds exposed caudal aspects being removed with straight scissors (Video Editor: If possible, please indicate the “Sinuses” and “Remaining nervous tissue” with arrows and text when mentioned) 

2.4. Remove the zygomatic arch … and facial muscles on the anatomical right side of the skull, and then turn the snout ventral side up to expose the roof of the mouth. 
2.4.1. CU: Few seconds arch being moved (Video Editor: If possible/necessary, please indicate “Zygomatic arch” with text and arrow)

2.4.2. CU: Few seconds facial muscles being removed (Video Editor: If possible/necessary, please indicate “Facial muscles” with text and arrow when mentioned) [Author note: This shot can be removed at your discretion.]
2.4.3. CU: Snout being turned ventral side up
2.5. Immediately insert the tip of the scalpel blade under the palate parallel to the roof of the mouth and then move the blade towards the incisors. 
2.5.1. [2.5.1 through 2.6.1 all one shot] CU: Shot of tip of scalpel being inserted under palate parallel to roof of mouth

2.5.2. CU: Few seconds blade being moved toward incisors, then few seconds palate being cut and removed (Videographer: Split action into separate shots as necessary)
2.6. Grasp the freed, rostral edge of the palate with the forceps and remove the palate by pulling caudally.
2.6.1. CU: Few seconds palate being grasped and then pulled
2.7. Then, on the anatomical left side of the skull, insert only the scalpel blade tip into the void near the molars and rotate the wrist to extend the palatine foramen caudally, starting from the small foramen near the molars.  
2.7.1. CU: Shot of scalpel being inserted into void, then few seconds wrist/blade being rotated starting near small foramen
2.8. Use the tip of the scalpel blade to continue to cut from the palatine foramen through the incisors, starting rostral to the anatomical left VNO with multiple scoring cuts. Then, turn the tissue so the dorsal skull is facing up, and orient a straight razor blade vertically and parallel to the midline at the caudal edge of the preparation.  
2.8.1. CU: Few seconds of cutting from foramen toward incisors with at least a few scoring cuts (TEXT: Caution: do not insert blade too deeply).  [2nd attempt of Take 3 is best]
CU: Skull being turned dorsal side up, then straight razor being oriented vertically and parallel to midline [Split into 2.8.2a and 2.8.2b]
2.9. At the ventral edge of the tissue, touch the cutting edge of the razor blade immediately to the left of the midline and gently rock the blade, moving along the left palatine foramen.
[combined with 2.10.2] CU: Shot of blade being touched to left of midline and then few seconds being gently rocked back and forth along left palatine foramen
2.10. Keeping the blade parallel to the midline, rock the razor blade slowly with pressure towards the anterior of the tissue, stopping immediately after breaking through the resistance at the cribiform plate.

2.10.1. CU: Razor blade being touched to edge of midline, then first few seconds being rocked toward anterior of tissue

2.10.2. CU: Last few seconds blade being rocked and then stopping after breaking resistance at cribiform plate

2.11. Grasp the exposed hemispheres near the caudal sides with gloved fingers and gently rotate them laterally and anteriorly to separate the tissues.

2.11.1. CU: Shot of hemispheres being grasped with gloved fingers, then few seconds gently rotating hemispheres to separate them
2.12. Now apply 50-100 (l of tissue glue to a thin plastic plank.  Grasp the tissue with forceps and blot the preparation with a paper towel to remove excess moisture from its lateral side. Use the forceps to gently place the lateral edge of the right hemisphere onto the glue. 

2.12.1. CU: Shot of tissue glue being applied to plank

2.12.2. CU: Few seconds paper towel removing excess moisture  Shot of forceps gently placing right hemisphere onto glue [needed to switch order]
2.12.3. CU: Shot of forceps gently placing right hemisphere onto glue Few seconds paper towel removing excess moisture
2.13. Then place a 3-5 mm diameter, 2 mm deep drop of vacuum grease into the middle of a secondary dissection chamber and place the side of the plank opposite the tissue firmly against the grease. 

2.13.1. CU: Shot of grease being placed into dissection chamber

2.13.2. CU: Plank being placed against grease

2.14. Immediately fill the dissection chamber with chilled dissection artificial cerebrospinal fluid, or ACSF (Pronounce: A-C-S-F), and transfer the chamber to the fine dissection area.

2.14.1. CU: Few seconds chamber being filled with ACSF

2.14.2. MED: Talent placing dish in fine dissection area

2.15. Then begin perfusion of the chamber with oxygenated standard ACSF, orienting the plank so that the olfactory bulb is directly in the stream of the freshly oxygenated fluid.
2.15.1. MED: Talent starting perfusion

2.15.2. CU: Tissue being oriented olfactory bulb is in stream of perfusate
3. Secondary dissection
3.1. To perform the secondary dissection, begin by using fine forceps to remove any visible contralateral olfactory bulb or cortical tissue from the preparation.
3.1.1. WIDE: Few seconds Talent removing tissue using the dissection microscope.
3.2. Locate the white dura mater along the dorsal-medial surface of the olfactory bulb and then, using two pairs of fine forceps, tear the dura by grasping it at the whitest portion and pulling the forceps apart. 
3.2.1. LAB MEDIA: removal of dura from the medial/dorsal olfactory bulb (Authors will provide) 3_2_1_DuraRemoval
3.3. Next slowly and carefully peel away the frontal cortex with fine forceps without damaging the underlying olfactory bulbs. Once the frontal cortex has been separated, cut and remove the tissue ventral and posterior to the AOB, taking care not to damage the glomerular layer.
3.3.1. LAB MEDIA: separation and removal of the frontal neocortical lobe from the ex vivo preparation (Authors will provide) 3_3_1_CortexRemoval
3.4. Then run a single point of the fine forceps between the septal cartilage and the VNO “wing,” a thin piece of bony tissue that runs along the dorsal edge of both VNOs, to carefully remove the contralateral VNO. 
     3.4.Alt  
Then run a single point of the fine forceps between the septal cartilage and the contralateral VNO, then grasp and remove the contralateral VNO.
3.4.1. CU: Few seconds fine forceps being run between septal cartilage and VNO wing (Video Editor: If possible, with “a thin … both VNOs” please use arrow/outline/draw a line/otherwise indicate along the VNO wing).  LAB MEDIA: 3_5_1_ContralateralVNORemoval
Author note: putting an arrow here at this step may be difficult.  If necessary, one can use the alternate provided narration to remove the reference to the “wing.” 

3.5. After removing the VNO completely, use fine forceps to make a cut at the ventral-caudal edge of the septal cartilage where it narrows to a white avascular strip running along the ventral edge of the septal bone.

3.5.1. LAB MEDIA: removal of the contralateral VNO (Authors will provide) 3_7_1_SeptalCartilageRemoval.avi
Author note: This step is shown as a continuous shot in 3_7_1_SeptalCartilageRemoval.avi.  There are natural places to pause the video at 3.5.1 (a cut is made in the cartilage with the right forceps), 3.6.1 (the right forceps are immediately pinched together), and then 3.7.1 is slow, as the cartilage is separated from the septal tissue from right to left.  
3.6. Pinch together the fine forceps to make a semi-blunt point and insert the pinched forceps lateral to the cut. Then slowly lift the cartilage away from the septal tissue, proceeding rostrally and without disrupting the underlying septal tissue.

3.6.1. ECU: Shot of forceps being pinched together to make semi-blunt point

3.6.2. CU: Shot of forceps being inserted into cut, then few seconds cartilage being lifted away (Videographer: Split action into separate steps as necessary)

LAB MEDIA: 3_7_1_SeptalCartilage Removal
3.7. Next, approach the septal bone at an angle nearly parallel to the plane of the bone with a pair of #3 forceps with a bent tip, inserting the curved tine between the septal tissue and septal bone.

3.7.1. LAB MEDIA: removal of the septal cartilage (Authors will provide) 3_8_1_SeptalBoneRemoval.
Author note: LAB MEDIA: 3_8_1_SeptalBoneRemoval shows steps 3.7.1, 3.8.1, and 3.8.2.  

3.8. Grasp the bone with the forceps and gently move the bone back and forth until it cracks near the cribriform plate.

3.8.1. CU: Shot of bone being grasped with forceps, then gently rocking bone back and forth

3.8.2. CU: Shot of cartilage being pinched bone being removed, then pulled with other pair of forceps (Videographer: Split action into separate steps as necessary)
Author Note: CU not filmed. This procedure is included in LAB MEDIA: 3_8_1_SeptalBone Removal (in original script it was Lab Media for 3.9.1)
3.9. Now attach a polyimide cannula to a fast perfusion device and start a flow of Ringer’s solution at 0.1-0.3 ml/min through the polyimide cannula.
3.9.1. LAB MEDIA: removal of the septal bone (Authors will provide) CU: shot of cannula attachment and placement into the chamber.
3.10. Measure the flow rate with an in-line, small volume flow meter. 
3.10.1. CU: Few seconds flow readout on flow meter

3.10.2. MED: Talent placing flow meter into Ringer’s solution, with Ringer’s solution/Control label visible OR LAB MEDIA: JoVE_ex_vivo_Fig_4A.jpg and highlight black data lines in top graph)

3.11. Finally, orient the cannula parallel to the VNO entrance. When the cannula is in place, observe as the outlet pressure causes the VNO to “inflate,” leading to the evacuation of the blood vessel. 

3.11.1. LAB MEDIA: 2013_11_01_good_cannulation.mp4 OR Author provided video 3_11_1_and_3_12_1_Cannulation
3.12. Then immediately insert the cannula into the VNO, keeping the angle of the cannula constant so that it remains parallel to the VNO opening and commence the assessment of the physiological function.  
3.12.1. LAB MEDIA: 2013_11_01_good_cannulation.mp4 OR Author provided video 3_11_1_and_3_12_1_Cannulation 

4. Results: Representative isolated VNO and AOB tissue data
4.1. A large source of variability across the preparations is the density and brittleness of the bones of the skull and snout of the experimental animals. It is not uncommon for the septal tissue to remain attached to the contralateral hemisphere, especially near the attachment points to the dorsal bones of the snout. 
4.1.1. LAB MEDIA: JoVE_ex_vivo_Fig_2.png (Video Editor: with “It is not … snout” please highlight the right image AND/OR flash/add/indicate arrow and accompanying text)
4.2. Other common dissection errors arise during the secondary fine dissection, during which the axons of the vomeronasal nerve can be damaged in the septal tissue near the VNO or near the AOB. These and similar events will result in an incomplete connectivity between the vomeronasal sensory neurons and the AOB, rendering the preparations unusable. 
4.2.1. LAB MEDIA: JoVE_ex_vivo_Fig_3.png (Video Editor: with “damaged … near the VNO” please highlight the top two images AND flash/add/indicate arrow and accompanying text; with “or near the AOB” please highlight the bottom two images AND flash/add/indicate arrow and accompanying text)
4.3. Upon successful completion of the procedure, the functional connectivity can be verified using a physiological assay such as single unit electrophysiological recordings of neural activity in response to VNO stimulation with odorants.
4.3.0. [added] LAB MEDIA: Video of electrode entry (LAB MEDIA: 4_3_0_ElectrodeEntry.avi)
4.3.1. LAB MEDIA: JoVE_ex_vivo_Fig_4.jpg (Video Editor: with “using … odorants” please highlight the red data line in the bottom graph)

5. Conclusion (said by authors on camera)
5.1. Wayne Doyle: While attempting this procedure, it’s important to remember to keep calm and take short breaks if you become fatigued, as small errors in the performance of the technique can damage these delicate neural structures.

5.2. Julian Meeks: After watching this video, you should have a good understanding of how to perform ex vivo dissections of the early accessory olfactory system for electrophysiological or imaging studies.       
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.  

Authors anticipate providing 10-20 s videos for the following steps:
Author note: we apologize in advance for the mismatch between the numbers associated with some file names and the <most current> version of the script.  The latest script from JoVE had so many errors that we struggled to keep things straight until filming. 

3.2: removal of dura from the medial/dorsal olfactory bulb 3_2_1_DuraRemoval
3.3: separation and removal of the frontal neocortical lobe from the ex vivo preparation 3_3_1_CortexRemoval
3.4: removal of the contralateral VNO 3_5_1_ContralateralVNORemoval 

3.5-3.6: removal of the septal cartilage 3_7_1_SeptalCartilageRemoval
3.7-3.8: removal of the septal bone 3_8_1_SeptalBoneRemoval
3.11-3.12: insertion of the cannula into the VNO (similar to “2013_11_01_good_cannulation.mp4”) 3_11_1_and_3_12_1_Cannulation

4_3_0_ElectrodeEntry 
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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


