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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? Y
Can you record movies/images using your own microscope camera? (Y/N)___Y____  

If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: _____________________________________________

B.   Software Usage: Does your protocol include detailed descriptions of software usage? N

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) _1.4.3. Cut open the dura,  2.2. Using a surgical dissection scope,  2.6. By manipulating the X, Y, and Z,  2.7. inject the AAV9-UBI-GFP,  2.9. Close the muscle __________________________________________
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

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 using the step numbers listed in this document. (Please do not list entire sections.) ____1.4.3. Cut open the dura,  2.6. By manipulating the X, Y, and Z___________________
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

E.  Will the filming need to take place in multiple locations? N

1. Introduction (Experimental Goal and Author Interviews)
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this subpial AAV9 delivery technique is to achieve a potent spinal parenchymal transgene expression throughout the entire length of spinal cord in adult mice (Intro). 
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Martin Marsala: This method can facilitate studies targeted to manipulate spinal gene expression and help to understand the mechanisms of several spinal neurodegenerative disorders including amyotrophic lateral sclerosis, spinal traumatic injury or chronic pain.
1.2. Martin Marsala: The main advantage of this technique is that highly potent transgene expression is achieved through the spinal gray and white matter in multiple spinal segments which are adjacent to subpially AAV9-injected segment.
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Silvia Marsala: Visual demonstration of this method is critical because the dura opening step and placement of subpial needle are difficult to learn without visual demonstration.   
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.4. ** Silvia Marsala: Demonstrating the procedure will be Takahiro Tadokoro, a post-doctoral fellow in our laboratory. 

1.4.1. Interview style: Author saying the above 

1.4.2. 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 University of California, San Diego.  
Protocol: (read by voice talent at JoVE)
2. Exposing the Pial Membrane
2.1. Begin by properly anesthetizing the animal for surgery. Isoflurane is used here [1-MED-TXT]. Ensure the absence of a paw pinch response before proceeding [2-MCU]. 
2.1.1. Talent lifts the mouse out of the induction chamber and places it on a nose cone. TEXT: 5% isoflurane in O2 for induction. 2 - 3% isoflurane in O2 for maintenance. 
2.1.2. A toe is pinched with fingers or forceps and no reaction is seen. 
2.2. Then cover the eyes with ophthalmic ointment [1-MED]. 

2.2.1. *film as written. 
2.3. Next, shave the back of the animal with clippers [1-MED-over the shoulder], and clean the skin with 2% chlorhexidine [2-MED]. 
2.3.1. *film as written. 
2.3.2. Talent soaks a pad in 2% chlorhexidine and applies it to the exposed skin. 
2.4. If lumbar subpial injections are to be performed, cut the skin overlaying the T8 to L1 vertebrae with a scalpel [1-MED], and then use scissors [2-MED-over the shoulder] to detach the paravertebral muscle from T10 to T12 spinal vertebrae [3-CU]. 
2.4.1. Talent makes the described cut in the skin with a scalpel. 
2.4.2. Talent puts down scalpel and picks up scissors 
2.4.3. The paravertebral muscle is detached using scissors. 
2.5. Mount the animal into a standard stereotaxic frame using mouse spinal clamps [1-MED].
2.5.1. The animal is in the stereotaxic frame. Talent tightens the last clamp.  

2.5.2. ADDED: removing additional tissue? Videographer listed this but not sure how it fits in…please use if possible/obvious, I can order VO if we need it
2.6. Next, use a dental drill to shave the both sides of the lamina of the T10 to T12 vertebrae until cracks appear [1/2-CU-TXT]. 
2.6.1. Both sides of the lamina are shaved with the dental drill. Cracks in the lamina should be visible to camera at the end of the shot. TEXT: Drill bit: 0.9 mm, speed: 20,000 rpm. 
2.6.1a ADDED: Talent points to cracks in lamina (tk 2 is actually 2.7.1. tk 2)
2.7. Then use forceps to remove cracked bone fragments and expose the dorsal surface of the lumbar spinal cord [1-CU].
2.7.1. Bone fragments are removed with forceps. The dorsal surface of the spinal cord should be visible to camera at the end of the shot. See note on 2.6.1a
2.8. The dura is now visible. Use a 30-gauge stainless steel needle to make a 1 to 2-millimeter incision into the dura [1-SCOPE]. 
2.8.1. Show the surface of the dura through the scope. The needle then enters the shot and makes the 1 – 2 mm incision.  
2.9. Takahiro Tadokoro: It is important to carefully cut open the dura to avoid injury to the underlying pial membrane [1-INT]. 
2.9.1. Talent speaks the above soundbite to camera. 

2.10. Now, grasp the edge of cut dura with forceps and extend the dura opening for up to 5-millimeters [1-SCOPE].  
2.10.1. *film as written. 
2.11. If cervical subpial injections are to be performed [1-MED], immobilize the head of the mouse by placing the head into stereotaxic frame using earbars [2.11.1A], and use scissors to make a 1.5 to 2-centimter incision in the dorsal neck skin to expose the C1 and C2 segments and occipital bone [2-ECU]. Then, shave a portion of exposed occipital bone using a dental drill [3-?] and remove the bone fragments using forceps [4-?].
2.11.1. Talent picks up scissors. Not filmed, use 2.4.2
2.11.1a ADDED: Talent fixes head
2.11.2. The incision is made and the C1 and C2 segments become visible to camera. 
2.11.3. ADDED: Shave a portion of exposed occipital bone using dental drill. 
2.11.4. ADDED: Remove bone fragments with forceps.  
2.12. Then use a 23-gauge stainless steel needle and forceps to remove the atlanto-occipital membrane of the cisterna magna [1-SCOPE].
2.12.1. The atlanto-occipital membrane is removed with a needle and forceps. 
2.13. Use cotton swabs to clean the incision site of any tissue and bone debris [1-MCU].
2.13.1. A cotton swab moves over the incision site and clears away debris. 
2.14. Then cut open the dura making a 2 to 3-millimeter incision [1-CU]. 
2.14.1. The dura is cut and the 2 – 3 mm incision is visible to camera. 
3. Opening the Pial Membrane and Inserting the Subpial Needle for AA9 Delivery 
3.1. Mount the 34-gauge pia-penetrating needle [1-MED-TXT] and 36-gauge injection needle onto the Z-arms of two separate XYZ manipulators using glass capillary holders [2-CU]. 
3.1.1. Talent mounts the pia-penetrating needle onto the Z-arm using a glass capillary holder. TEXT: See written protocol for details of preparation. 
3.1.2. Talent mounts the 36G needle onto the second z-arm with a glass capillary holder. 
3.2. Next, use a 50-microliter microsyringe connected with PE-10 or PE-20 tubing to load AAV9-UBI-GFP virus [1-MCU]. After the virus is loaded, connect the end of the tubing to the injection needle [2-MED-TXT]. 
3.2.1. Talent loads the virus using the syringe and tubing. TEXT: See written protocol for details of needle and virus preparation.
3.2.2. Talent connects the tubing to injection needle. 
3.3. Next, while looking through a surgical dissecting scope set to 8 to 10X magnification [1-MED], use the X-arm to lower the pia-penetrating needle into the pia to a depth of 1-millimeter [2-SCOPE]. Keep the angle of the penetrating needle at 5 to 10 degrees relative to the tissue surface [3-MCU]. 
3.3.1. Talent looks through the scope and adjusts the focus. Not filmed, use 3.2.1 + 3.2.3 or 3.2.2
3.3.2. The needle lowers to a depth just less than 1 mm. 
3.3.3. The needle continues advancing to 1 mm with the shot showing the angle of the needle relative to the tissue. 
3.4. After opening the pia, use the X-arm to remove the pia-penetrating needle from the subpial space [1-MED-over the shoulder]. Note the penetrated site using a landmark, such as a blood vessel [2-SCOPE].
3.4.1. Talent manipulates the X-arm to remove the pia-penetrating needle. 
3.4.2. Shot of the penetrated site. The landmark is indicated with the tip of a forceps. (needle or similar-cut). 
3.5. Move the X, Y, and Z arms of the second manipulator to position the tip of the AAV9 virus-loaded injection needle into the pia-penetrated site [1-MED-over the shoulder]. 
3.5.1. *film as written.  
3.6. Then, after inserting the tip of injection needle about 0.5 millimeters into the subpial space, use the z-arm to lift the pia about 0.3 millimeters [1-SCOPE], then use the X-arm to continue advancing the needle horizontally into the sub-pial space [2-MCU]. 
3.6.1. The needle moves 0.5 millimeters into the subpial space and then lifts the pia about 0.3 millimeters. 
3.6.2. The needle moves to advance into the sub-pial space. The angle of the needle is visible to camera. 
3.7. Advance the needle until it enters the subpial space at a depth of about 2 to 3-millimeters [1-SCOPE].
3.7.1. The needle advances until it reaches a depth of 2 – 3 mm. 
3.8. Then use the 50-microliter microsyringe to inject the AAV9-UBI-GFP virus into the subpial space [1-MCU-TXT]. 
3.8.1. Talent depresses the syringe to inject the virus. TEXT: 1.5, 3, or 5 μL virus. See Table 1 for experimental groups. 
3.9. Remove the injection needle from the sub-pial space after the AAV9-UBI-GFP injection is complete [1-SCOPE]. 
3.9.1. The needle is withdrawn from the sub-pial space. 
3.10. Close the muscle and skin using 4.0 monofilament suture and surgical clips [1-MED-over the shoulder-TXT]. 
3.10.1. Talent places the last suture and then adds a surgical clip. TEXT: There is no need to seal the open vertebra.
3.11. Allow the animal to recover on a heating pad before housing in a clean cage [1-MED]. 
3.11.1. Talent picks up the now recovered mouse from a cage on top of a heating pad and then places it in a clean home cage with hydration gel inside.  
4. Results: GFP-Expression in Spine Parenchyma and Brain Following Subpial AAV9 Delivery 
4.1. Two bilateral injections of AAV9-UBI-GFP were delivered into the upper lumbar subpial space and the animals were perfusion-fixed 14 days after AAV9 delivery [1-LM]. 
4.1.1. LAB MEDIA: 55770_Marsala_Figure2A. Show image. Video Editor please highlight ‘AAV9-GFP’ when “AAV9-UBI-GFP” is narrated. 
4.2. Intense GFP expression is seen in the gray matter, located within the dotted area, and white matter, outside the dotted area [1-LM]. This extends from the lumbar to the upper thoracic segments, in animals injected with 3 + 3 microliters of AAV9 [2-LM]. Animals injected with a lower volume of AAV9 have less intense expression of GFP [3-LM]. 
4.2.1. LAB MEDIA: 55770_Marsala_Figure2B. Show full image. Video Editor please flash or highlight the dotted lines in the center images. 
4.2.2. LAB MEDIA: 55770_Marsala_Figure2B. Video Editor please place a box around the two sets of brain sections on the left-hand side and middle of the image. 
4.2.3. LAB MEDIA: 55770_Marsala_Figure2B. Video Editor please place a box around the one set of brain sections on the right-hand side of the image. 
4.3. The following images depict potent retrograde and anterograde AAV9-UBI-GFP-mediated GFP expression in brain motor and sensory centers. This low-power image clearly shows the presence of intense GFP positivity in the cervical spinal cord, medulla oblongata, cerebellum, and motor cortex [1-LM-TXT]. 
4.3.1. LAB MEDIA: 55770_Marsala_Figure4A. Show image without boxed regions. TEXT: Scale bar 2,000 µm
4.4. This higher-power image taken from a sagittal brain section [1-LM] shows the presence of GFP fluorescence in neurons in the reticular formation, nucleus ruber, and axons of the spino-cerebellar tract [2-LM-TXT].
4.4.1. LAB MEDIA: Zoom 55770_Marsala_Figure4B from the boxed area of 55770_Marsala_Figure4A. 
4.4.2. LAB MEDIA: 55770_Marsala_Figure4B. Video Editor please highlight ‘RF’, ‘NR’ and ‘SCT’ when “reticular formation”, “nucleus ruber” and “axons of the spino-cerebellar tract” are narrated. TEXT: Scale bar: 1,000 µm
4.5. This lower-power image taken from a coronal brain section demonstrates the presence of GFP fluorescence in pyramidal neurons in the motor cortex and in the terminals of the spinothalamic tract in areas of the reticular thalamic nuclei [1-LM-TXT].
4.5.1. LAB MEDIA: 55770_Marsala_Figure4C. Show image without boxes. Video editor please add ‘MC’ and the dotted box when “motor cortex” is narrated and ‘STT’ and the other dotted box when “spinothalamic tract” is narrated. TEXT: Scale bar: 1,000 µm
4.6. Finally, this high-power image demonstrates an intense GFP expression in pyramidal neurons in the motor cortex [1-LM-TXT]. 
4.6.1. LAB MEDIA: 55770_Marsala_Figure4D. Show image. TEXT: Scale bar: 60 µm. 
5. Conclusion (said by authors on camera)

5.1. Takahiro Tadokoro: Once mastered, this technique can be done in 30 to 40 minutes if it is performed properly.

5.2. Michael Navarro: The use of this technique by researchers in the field of neuroscience will be an effective tool to study the role of specific genes in the evolution of spinal degenerative disorders as well as to explore a potential treatment efficacy by suppressing mutated genes known to be linked with progressive spinal neuronal degeneration such as in familial form of amyotrophic lateral sclerosis.

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.
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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