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A.  If your protocol involves working under a microscope, for example, a complex dissection or microinjection, does your microscope have an attached (or attachable) camera (Y/N) __Y_____  or should JoVE send a scope camera so that filming can be done through the microscope (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___Steps 3.1, 3.4, 3.5 and 3.6
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  To do a correct injection.

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 locally apply siRNA via intrathecal delivery into the spinal cord. (Intro)

This is accomplished by first preparing the optimal siRNA/PEI complex reagent. (P1: Have the three “words” move into the tube and disappear into the blue fluid)

The second step is to prepare the mouse for intrathecal injection. (P2: mouse appears, leave the tube and clock on screen)

After at least 15 minutes of incubation time, the siRNA mixed solution is drawn into a Hamilton syringe. (P3: The clock changes to the P3 clock, and the blue fluid is drawn up into the syringe. Then have the clock disappear.)

The final step is to carefully perform the intrathecal injection, repeating the injections once every 24h to ensure optimal downregulation. (P4: The needle goes into the mouse as shown, but the syringe has the blue fluid is took up in P3. Then the blue fluid is injected (disappears) and the needle/syringe comes out of the animal. All that finishes by “intrathecal injection.”  At “repeating the injections,” have a blue-fluid filled syringe reappear and a new injection is made.)

Ultimately, immunoblotting and quantitative real time PCR are used to show the successful downregulation in protein and mRNA levels from the siRNA transfection. (P5)

Use Schematic-final.ppt

B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Author name Christian Njoo: The main advantage of this technique is that it is less invasive than an intrathecal catheter or a spinal cord injection.   
1.2. Author name Christian Njoo: Generally, individuals new to this method must work to acquire the finesse needed to inject through the small groove between the vertebral column, without damaging the spinal cord.

Protocol (read by voice talent at JoVE):
Preparation of siRNA/PEI Complex
To prepare the siRNA solution, begin by diluting the desired amount of siRNA with sterile water, then dilute this further with 10% glucose solution. Mix by pipetting up and down.
2.1.1. WID: Talent walks to hood or lab bench carrying siRNA and/or glucose
2.1.2. MED: Talent adds sterile water to the desired amount of siRNA  (TEXT: 1 µg siRNA, 2.5 µl sterile H2O, 2.5 µl 10% glucose per animal)  
2.1.3. MED: Talent pipettes up 25 µl of 10% glucose from a labeled flask/beaker and adds it to the siRNA (TEXT con’t from above: 1 µg siRNA, 2.5 µl sterile H2O, 2.5 µl 10% glucose per animal) 
!!!!! However, the siRNA that I used was already diluted in sterile H2O with a concentration of 20 mM. So instead I mix the siRNA directly with the glucose solution and ommited step 2.1.2 and proceeded directly with step 2.1.3. Moreover, as I have explained previously, it is troublesome to prepare the exact needed volume of reagents, that is why I prepare 4 times more than what is written here (10 µl of each raegent and 40 µl in total)
2.1.4. CU: Talent vortexes (or mixes by pipetting), then places the tube aside 
To make the PEI solution, dilute the required amount of PEI reagent with sterile water and dilute this further with 10% glucose solution. Mix by pipetting up and down. 
2.1.5. MED: Talent add sterile water to the PEI reagent (TEXT: 0.12 µl PEI reagent, 2.5 µl sterile H2O, 2.5 µl 10% glucose per animal) As I have mentioned previously, it is impossible for us to pipette volumes below 1 µl, that is why in this step I pre-diluted the PEI reagent 1:10 with sterile H2O and for the shot I took 3.6 µl of the pre-diluted PEI reagent and mixed it with 6.4 µl sterile H2O.
2.1.6. MED: Talent adds 10% glucose to the PEI reagent/water (TEXT con’t from above: 0.12 µl PEI reagent, 2.5 µl sterile H2O, 2.5 µl 10% glucose per animal)
2.1.7. CU: Talent pipettes the PEI mixture up and down
Next, add the siRNA solution to the PEI solution all at once, and vortex gently.
2.1.8. MED: Talent adds the siRNA solution to the PEI solution
2.1.9. MED: Talent vortexes the siRNA/PEI mixture
Then incubate the mixed solution for 15 minutes at room temperature.
2.1.10. MED: Talent places the siRNA/PEI mixture aside to incubate at RT. (TEXT: This complex is stable for 2 h at RT and 24 h at 4°C)
Intrathecal Injection
While the mixture is incubating, prepare the mouse for intrathecal injection. After anesthetizing the mouse with 3% isoflurane, shave around 2 square cm of fur near the base of the tail, and clean the injection site with alcohol.
2.1.11. WID: Talent walks to surgical bench carry mouse in cage (or container)
2.1.12. MED: Talent sets isoflurane to flow at 3%, and puts the mouse into the isoflurane chamber to anesthetize it.
2.1.13. CU: Talent shaves 2 square cm of fur near the base of the tail and wipes site with alcohol.
Then place the mouse in a nose cone for continued isoflurane administration during the procedure and reduce the isoflurane to 1.5%.
2.1.14. MED over the shoulder: Talent places the mouse in a nose cone.
[bookmark: _GoBack]Using a 25 µl Hamilton syringe attached to a 30-gauge 0.5 inch needle, draw up enough of the siRNA/PEI solution to inject between 5 and 10 µl.
2.1.15. MED: Talent attaches a 30-gauge needle to a Hamilton syringe
2.1.16. CU: Talent pulls the siRNA mix into the Hamilton syringe
Next, locate the most prominent spinous process, which is the L6. Fix the vertebral column around this area by gently pressing just above the L6, applying enough pressure to feel the spinous process without depressing the entire body.
2.1.17. MED/CU: Talent feels for the L6 process
2.1.18. CU: Talent fixes the vertebrate column by pressing gently. Both shots (3.4.1 and 3.4.2) were taken as one shot in CU-mode.
Then, using a finger nail, locate the groove of the L5 and L6 vertebrae. Now, carefully insert the needle between the groove of the L5 and L6 vertebrae and look for a tail flick, which indicates a successful entry of the needle in the intradural space. 
2.1.19. ECU: Talent uses a finger nail to locate the groove of the L5 and L6 vertebrae.
2.1.20. MED: Talent picks up the Hamilton syringe and positions it near the groove.
2.1.21. [bookmark: _Ref368648701]CU: Talent inserts the needle between the groove of the L5 and L6 vertebrae (Videographer: please frame to allow for an insert) (Video Editor: At “look for a tail flick,” the needle should have just entered the skin and 3.5.4 should be added as an insert – the tail flick and needle entry are simultaneous)
2.1.22. [bookmark: _Ref367449549]CU: On a different mouse, film the tail flick as the needle enters. (Videographer: Do a couple of takes, this will be reused) (Video Editor: This should be an insert in 3.5.3)
2.1.23. MED: Using another mouse, film the needle insertion and the tail flick again, framed so that the position of the Talent’s hands, the needle and the tail flick can be seen. (Video Editor: This is a repeat action and can go with “successful entry of the needle.” This can carry over to the following VO “Once the tail flick is observed.”)
Once the tail flick is observed, immediately, but carefully, secure the needle position with one hand and slowly inject between 5 and 10 µl of substance with the other hand. 
2.1.24. CU: Talent moves one hand to secure the needle position.
2.1.25. MED/CU: Talent injects the siRNA mixture slowly. (TEXT: Injection can take ~ 5 min)
2.1.26. MED: Talent removes the needle from the mouse
Once the injection is finished, move the mouse back to the cage to recover from anesthesia.
2.1.27. MED: Talent removes the mouse from the nose cone and places it upright on the surgical table.
2.1.28. MED: Talent places the mouse back in cage (no other mice in the cage, at least until after the animal has recovered from anesthesia)
Repeat this injection at least 2 more times every 24 hours to achieve optimal downregulation of the targeted gene.
2.1.29. Reuse 3.5.4 (injection and tail flick) (TEXT: Repeat injection 2X, 24 hrs between injections)
3. Results: Intrathecal Injections and siRNA Downregulation of Protein
Following acute intrathecal injection with Fast Green dye, there is no visible sign of tissue injury at the site of the injection, which is marked by the dye puncta.
3.1.1. LAB MEDIA: Figure 1A
Excision of the spinal cord a few minutes after injection shows a diffusion of dye in the rostral direction. The star marks the injection site, and the white box marks the lumbar region.
3.1.2. LAB MEDIA: Figure 1B (Video Editor: Replace the “r” on the left with the label “rostral” and replace the “c” on the right with “caudal.” Also, please make the star (under the “c”) more prominent when “the star marks the injection site” is said.) 
A transverse view of the spinal cord at the L3-L5 segment shows specific staining on the surface, but not the interior, of the spinal cord following intrathecal injection of Fast Green.
3.1.3. LAB MEDIA: Figure 1C
Intrathecal injections on three consecutive days of siRNA targeted against WAVE1 mixed with PEI reagent resulted in a downregulation of the WAVE1 protein in the dorsal lumbar spinal cord, as compared to scramble siRNA control injections, as shown by Western blotting and by qRT-PCR. 
3.1.4. LAB MEDIA: Figure 2A and 2B (Video Editor: fade out the 2B for “western blotting” and fade out 2A for “qRT-PCR.”)
Western blotting quantification from the lysate of ventral L3 to L5 spinal cord and cervical spinal cord showed similar downregulation of the WAVE1 protein, while lysates from the brain and DRGs did not.
3.1.5. LAB MEDIA: Figure 2C and D (show through “ … of the WAVE1 protein.”)
3.1.6. LAB MEDIA: Figure 2E and F (for the remainder of the sentence)



4. Conclusion (said by authors on camera)
4.1. Author name Christian Njoo: After watching this video, you should have a good understanding of how to do an intrathecal injection efficiently, and moreover to specifically downregulate proteins in the spinal cord.
       

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.  


4.1 Kuner_Figure 1A.ppt
4.2 Kuner_Figure 1B.ppt
4.3 Kuner_Figure 1C.ppt
4.4 Kuner_Figure 2A&B.ppt
4.5 Kuner_Figure 2C&D.ppt
4.6 Kuner_Figure 2E&F.ppt

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.
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