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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? N
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: MEIJI LABAX MODEL 15381
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. Steps 4.1 - 4.6 (inserting needle for CSF collection)
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. 4.5 and 4.6
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? (Y/N) ___N____ If yes, how far apart are the locations? If filming step 2.1 (same as Liu et al 2008 published at JoVE), micropipette puller is 10min walk away. This has been removed - Jo
1. Introduction (Experimental Goal and Author Interviews) 

A. Experimental Goal: (read by voice talent at JoVE)

The overall goal of this procedure is to improve collection of cerebrospinal fluid from mice without contamination from blood (Intro). 

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. [bookmark: OLE_LINK1]Nastasia Lim Fude Huang: This method provides an easy and reliable way to collect CSF for monitoring biomarkers of neural diseases.
1.2. [bookmark: OLE_LINK2]Nastasia Lim: The main advantage of this technique is that the addition of the micromanipulator to aid in CSF collection from mice decreases the contamination of blood during collection. 

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) or equivalent body at Fudan University, (Shanghai, China).

Protocol: (read by voice talent at JoVE)
2. Preparation for CSF Collection
2.1. Begin by placing a pulled glass capillary into a capillary holder which is firmly mounted on a micromanipulator [1-MED-TXT]. 
2.1.1. Talent at stereotaxic surgery set up. Precautions to maintain sterility should be observed throughout. Talent places the pulled pipette into the capillary holder which is already mounted on the micromanipulator. TEXT: Capillary inner diameter 0.75 mm, outer diameter 1.0 mm. 
2.2. Next, while viewing through a dissecting microscope, use straight forceps [1-MED] to break the tip of the sharpened capillary so that the inner diameter of the broken tip is about 10 to 20 microns [2-SCOPE]. 
2.2.1. Talent looks through the dissecting microscope (adjusts the focus if necessary) and picks up the forceps. 
2.2.2. The tip is broken with the forceps as described. 
2.3. Then attach a thin tube and a syringe to the other end of the capillary holder [1-ECU], connect the thin tube and the syringe with a three-way valve, and shift the three-way valve to open [2-CU].
2.3.1. *film as written. 
2.3.2. *film as written. 
2.4. Then plunge the syringe to expel any contaminants and create positive pressure in the capillary tube [1-MED]. 
2.4.1. Footage of Talent plunging the syringe as described. 
2.5. Repeat this a few times by disconnecting and reconnecting the syringe to the three-way valve [1-MED-over the shoulder]. Then draw up air to 100 to 200 microliters [2-ECU] before the final reconnection of the syringe with the three-way valve [3-CU]. 
2.5.1. Talent disconnects and reconnects the syringe and then plunges it again.  
2.5.2. Shot of the markings on the syringe as the plunger moves back. Shot will be reused once. 
2.5.3. The syringe is reconnected. 
2.6. Move the micromanipulator with the glass capillary to the side to prevent damage during the surgical procedure [1-MED-over the shoulder]. 
2.6.1. Talent unclips the stay and then swings the micromanipulator away from the surgical area. 
3. Surgery to Expose the Cisterna Magna 
3.1. Before beginning the surgery, ensure that the mouse has been fully anesthetized by pinching all four limbs [1-MED] and observing the absence of a reaction [2-CU]. Then use dissecting scissors to cut and trim the hair at the back of the head of the mouse from above the eyes, between the ears to the bottom of the neck [3-MED-over the shoulder].
3.1.1. Talent pinching both forepaws and then one hindpaw. 
3.1.2. The remaining hindpaw is pinched and no reaction is seen. 
3.1.3. Talent uses scissors to cut the fur as described. 
3.2. Secure the head of the mouse using a stereotaxic frame mouse adapter [1-MED]. Make sure the head cannot move and is secured tightly in the adapter by gently pushing down onto the head of the mouse [2-CU].
3.2.1. Talent places mouse in stereotaxic frame and secures the ear bars. 
3.2.2. *film as written. 
3.3. Use scissors and curved forceps [1-MED-over the shoulder] to cut through the mouse skin across the back of the neck and then down the middle of the skull between the ears and eyes of the mouse. Pull the skin and tissue apart and out of the area over the cisterna magna [2-SCOPE 3.3.2]. 
3.3.1. Talent picks up the scissors and curved forceps and looks through the microscope and cuts through the mouse skin, then pulls skin and tissue apart.
3.3.2. *film as written. (Author Comment: This step was better performed and shot without the microscope)
3.4. While viewing through the dissecting microscope, carefully dissect away the last thin layers of muscle over the base of the skull using forceps and move these layers of muscle to the side and out of the area of interest [1-SCOPE-TXT]. 
3.4.1. *film as written. TEXT: Use cotton swabs to stem any bleeding. (Author Comment: this step was shot and performed under the microscope.)
3.5. Once the dura over the cisterna magna is exposed use a wet cotton bud to wipe the membrane clean and then use a dry cotton bud to dry the area [1-MED-over the shoulder]. The cisterna magna appears triangular with 1 to 2 large blood vessels running through the area. Either side of or between the blood vessels is optimal for capillary insertion and CSF collection [2-SCOPE].  
3.5.1. Talent dips a cotton bud into sterile saline and swabs the dura. 
3.5.2. The dry cotton bud dries the dura over the cisterna magna and then moves out of shot to allow the blood vessels to be seen. Video Editor – please add 3 asterisks or arrows to a still image. One should be placed between the blood vessels and the other two either side of the blood vessels.  
4. CSF Collection 
4.1. Once the cisterna magna is exposed, use the micromanipulator to align the glass capillary to the back of the mouse head [1-MED] so that the sharpened point is just behind the membrane at a 30 to 45 ° angle [2-SCOPE]. 
4.1.1. Talent moving the micromanipulator to align the glass capillary to the back of the mouse head. 
4.1.2. Show the tip of the pulled pipette moving to the optimum position behind the membrane at a 30 to 45 ° angle. 
4.2. Next, plunge the syringe once or a few times [1-MED-over the shoulder] and then move the plunger back 100 to 200 microliters to make sure there are no contaminants and there is positive pressure in the glass capillary [2-CU].
4.2.1. Talent plunges the syringe a few times. 
4.2.2. Use 2.5.2. Shot of the markings on the syringe as the plunger moves back. [Shots 4.2.2 and 4.3.1 combined]
4.3. Then move the capillary tip closer to the membrane until resistance can be seen, but without puncturing the membrane [1-SCOPE]. 
4.3.1. The tip of the capillary moves until it touches the membrane and depresses it slightly.
4.4. Knock on the micromanipulator controls [1-MED] to gently tap the capillary tube through the membrane. CSF should automatically be drawn into the capillary tube once the opening has been punctured [2-SCOPE]. Leave the capillary in place to slowly collect CSF [3-CU].
4.4.1. Talent knocks on the micromanipulator controls in the lab’s usual manner. 
4.4.2. CSF is seen to enter the capillary. 
4.4.3. Shot of the capillary in situ during collection. 
4.5. If the CSF has stopped flowing, slowly draw the syringe up approximately 50-microliters to create more negative pressure in the capillary [1-CU].
4.5.1. Talent’s hands draw the syringe as described.  
4.6. Ten to 15-microliters of CSF is collected in 10 to 30 minutes [1-SCOPE-TXT]. 
4.6.1. If possible, a time lapse of the CSF filling the capillary would be great here. If not, then a shot of the filled capillary would work. TEXT: ~ 3–4 cm in the capillary. 
4.7. Once the desired volume of CSF has been collected, close the tubing by shifting the three-way valve to close and remove the syringe connected to the tubing [1-MED-over the shoulder]. 
4.7.1. *film as written. [Shots 4.7.1 and 4.8.1.1 combined]
4.8. Open and then close the tubing to create equalized pressure in the capillary, the tubing, and the area outside the capillary [1-MED-over the shoulder]. Then reconnect the syringe before gently removing the glass capillary from the mouse using the micromanipulator [2-SCOPE-TXT].
4.8.1.1. The 3-way valve is closed, syringe removed, then 3-way valve is opened and closed. Syringe is reconnected. 
4.8.2. The capillary is withdrawn from the cisterna magna. TEXT: Euthanize the mouse following CSF collection. 
4.9. Next, place the collection tube containing 1-microliter of 20x protease inhibitor under the sharpened point of the glass capillary [1-CU]. 
4.9.1. The tube containing the 1 ul of protease inhibitor is positioned under the tip. 
4.10. Open the tubing and gently plunge the syringe [1-MED], the CSF should flow out of the capillary and into the collection tube [2-ECU]. 
4.10.1. *film as written. 
4.10.2. The CSF is seen to exit the capillary and enter the tube. 
4.11. After collection, pulse centrifuge the CSF to mix the sample with the protease inhibitor at the bottom of the collection tube [1-MED-over the shoulder]. 
4.11.1. Talent loads the sample tube into the centrifuge (a balance tube is already in place), closes the lid and starts the spin. 
4.12. CSF samples can be aliquoted and then stored for further analysis at -80 °C [1-WIDE]. 
4.12.1. Talent places a labeled box of CSF samples into the -80 freezer. 
5. Results: Evaluation of Morpholino Injection and Knockdown
5.1. CSF collected from APP/PS1 (pronounced as letters APP PS1) mice demonstrated a significant increase in levels of human Aβ42 (pronounced a-beta 42) at 12 months of age. In wild-type mice no human Aβ42 was detected [1-LM].  
5.1.1. [bookmark: OLE_LINK6]LAB MEDIA: 56774_Lim_Huang_Figure3. Video Editor please highlight the legend ‘APP/PS1’ when narrated and ‘WT’ when wild-type is narrated. TEXT: ** p < 0.01, n= 3 & 4

6. Conclusion (said by authors on camera)
6.1. [bookmark: OLE_LINK4]Nastasia Lim: Once mastered, this technique can be done in 1-hour if it is performed properly.
6.2. [bookmark: OLE_LINK5]Nastasia Lim: While attempting this procedure, it’s important to remember to avoid blood vessels when inserting the capillary and to only make minor adjustments with the micromanipulator during CSF collection to avoid contamination with blood.
   

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.
 2017, Journal of Visualized Experiments
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