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Author Questionnaire:
1. Microscopy: Does your protocol require JoVE to film through your microscope? Y
2. Does your protocol demonstrate software usage? Y
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps. Please upload all screen captured files to your project page as soon as possible.
3. Which steps from the protocol section below are the most important for viewers to see? 
2.3.1., 2.3.2., 2.4.3., 4.1.1. 
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
4.3.1. To ensure its success, move the electrode slowly and carefully through the tissue, keeping the cell at the center of the focus.  
5. Will the filming need to take place in multiple locations (greater than walking distance)? N


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements (Said by you on camera): All interview statements may be edited for length and clarity.

1.1 Stefanie Moye: This method can be used to facilitate the visualization of very fine astrocyte processes for the evaluation of astrocyte-neuronal interactions at the synapse during disease and steady states [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.2. Stefanie Moye: This technique can also be applied in any mouse model, cell population, or brain region [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

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 Chancellor’s Animal Research Committee at the University of California, Los Angeles. 



Section - Protocol
2. Electrode Preparation
2.1. To prepare a sharp electrode with an appropriate resistance, pull a borosilicate glass single barrel electrode with a filament on a micropipette puller [1-TXT]. 
2.1.1. WIDE: Talent pulling electrode TEXT: electrode O.D. 1.0 mm, I.D. 0.58 mm
2.2. Store the pulled electrodes in a closed container to prevent dust from entering the tips [1] and keep the electrodes elevated from the bottom of the box to prevent the tips from breaking [2].
2.2.1. Talent placing electrode into box
2.2.2. Shot of electrode(s) stored elevated from bottom of box 
2.3. To fill an electrode with Lucifer yellow dye solution, place an electrode in the vertical position with the tip facing downward [1] and pipette 1-2 microliters of Lucifer yellow solution into the back of the electrode [2-TXT].
2.3.1. Talent placing electrode with tip facing downward Videographer: Important step
2.3.2. LY being added to electrode Videographer: Important step TEXT: See text for all solution preparation details
2.4. Wait 5-10 minutes for the solution to move to the tip via capillary action [1] before gently securing the filled electrode in an electrode holder connected to a manipulator [2] with the silver wire of the electrode holder in contact with the Lucifer yellow inside the electrode [3].
2.4.1. Shot of solution at capillary tip
2.4.2. Electrode being secured to holder
2.4.3. ECU: Shot of wire in contact with LY Videographer: Important step
3. Ejection Test
3.1. For the ejection test, gently place a brain slice into a glass bottom dish filled with 0.1-molar PBS at room temperature [1] and hold the slice in place with a platinum harp with nylon strings [2].
3.1.1. WIDE: Talent placing slice into dish, with PBS container visible in frame
3.1.2. Harp being placed on top of slice
3.2. Connect the electrode to a voltage source [1] and place the ground electrode into the bath containing the brain slice [2].
3.2.1.  Talent connecting electrode to voltage source
3.2.2. Ground electrode being placed into bath
3.3. Move the objective of a confocal microscope to the brain region of interest [1] and lower the electrode into the solution using the 10x water immersion lens, moving the electrode to the center of field of view [2].
3.3.1. Talent at microscope, moving objective to ROI
3.3.2. SCOPE: Electrode being lowered into solution and move to center of field of view of microscope
3.4. Under bright field illumination [1], examine the electrode carefully with the 40x water immersion lens to ensure that the electrode appears clear and without debris or bubbles [2-TXT].
3.4.1. SCOPE: Electrode being moved to center of field of view of the microscope
3.4.2. SCOPE: Shot of electrode at 40x without debris TEXT: Replace clogged electrode tip as necessary
3.5. Switch to confocal laser-scanning microscopy with a 488-nanometer laser [1].
3.5.1. SCREEN: 3.5.1.
3.6. Turn on the stimulator at 12 volts to test the dye ejection. A large fluorescent dye cloud should be visible around the tip of the electrode [1-TXT].
3.6.1. SCREEN: 3.6.1.: 00:00-00:12 TEXT: Replace electrode if little or no dye ejected
3.7. Then, under bright field, slowly lower the electrode toward the slice, stopping just above the surface [1].
3.7.1. SCOPE: Electrode being lowered toward/stopped above surface of slice
4. Astrocyte Filling
4.1. To fill an astrocyte of interest with iontophoresis, use the infra-red differential interference contrast [1] to identify astrocytes with elongated, oval-shaped somata about 10-micrometers in diameter 40-50 micrometers below the slice surface.This is the stratum radiatum of the hippocampus directly below the pyramidal cell layer. As we move through the tissue, we can see blood vessels, neurons, astrocytes, and other cell types [2].
4.1.1. WIDE: Talent at computer, using IR-DIC to identify astrocytes, with monitor visible in frame Videographer: Important step
4.1.2. SCREEN: To be provided by Authors: Astrocyte being selected (Author Comment: I uploaded a picture to the project page which I would like inserted in the corner of the screen of the video for 4.1.2 and 4.2.1. It is a cropped picture of the astrocyte being selected. One is outlined in yellow and the other is not.)
4.2. Once an astrocyte has been selected, move the cell to the center of the field of view [1] and slowly lower the electrode tip into the slice, navigating through the tissue, until the electrode is on the same plane as the cell body [2].
4.2.1. SCREEN: To be provided by Authors: Astrocyte being moved to center of field of view (Author Comment: For this shot, I would like an arrow pointing to the cell before the astrocyte is moved and after. Here I uploaded two of the same videos (one with an arrow pointing to the cell).)
4.2.2. SCREEN: To be provided by Authors: Tip being lowered into slice
4.3. Once the cell body of the astrocyte is clearly visible and outlined, slowly and gently advance the electrode forward, moving the electrode until the tip impales the soma of the cell [1].
4.3.1. [bookmark: _GoBack]SCREEN: To be provided by Authors: Shot of clearly visible and outlined astrocyte, then electrode being advanced until tip impales soma (Author Comment: I uploaded a picture to the project page which I would like inserted in the corner of the screen of the video for 4.3.1 and 4.4.1. It is a cropped picture of the astrocyte with the electrode inside. One is outlined in yellow and the other is not. Also when the tip impales the soma, there should be a sound or some signal for the viewer to recognize this part (ping))
4.4. Move the focus of objective slowly up and down to note if the electrode is inside the soma [1].
4.4.1. SCREEN: To be provided by Authors: Focus being moved up and down 
4.5. Once the electrode tip is inside the cell, turn on the stimulator at 0.5-1-volt to continuously eject current into the cell [1].
4.5.1. SCREEN: 4.6.1.: 00:00-00:05
4.6. Using the confocal microscope, watch the cell fill, increasing the digital zoom to visualize the details of the cell and to make sure that the tip of the electrode is visible inside the cell as necessary [1].
4.6.1. SCREEN: 4.6.1.: 00:05-00:17
4.7. Wait for about 15 minutes until the finer branches and processes appear defined [1] before turning off the voltage [2] and gently withdrawing the electrode tip from the cell [3].
4.7.1. SCREEN: 4.7.1.:00:00-00:11
4.7.2. Talent turning off voltage
4.7.3. Talent at computer, withdrawing electrode, with monitor visible in frame 
5. Filled Cell Imaging
5.1. To image the filled cell, wait 15-20 minutes for the cell to return to its original form [1] before adjusting the setting on the confocal microscope to make sure that the finer branches and processes appear defined under the 40x objective [2].
5.1.1. WIDE: Talent setting timer, with microscope visible in frame
5.1.2. Talent adjusting microscope
5.2. Set up a z-stack with a step size of 0.3 micrometers, moving the objective while imaging until there is no signal from the cell and set that step as the top [1].
5.2.1. SCREEN: 5.2.1.
5.3. Then move the objective down, focusing through the cell, until there is no signal, and set that step as the bottom [1].
5.3.1. SCREEN: 5.3.1.
5.4. After the imaging is complete, check the electrode for dye ejection [1]. If a large dye cloud appears, the electrode can be used for the next slice. Otherwise, replace the instrument with a new electrode [2].
5.4.1. SCREEN: 5.3.2.: 00:00-00:10
5.4.2. SCREEN: 5.4.1.: 00:04-00:09


Section – Results
6. Results: Representative Astrocyte Morphology Visualization 

6.1. By generating a maximum intensity projection, a detailed view of the structure of an astrocyte and its domain can be observed [1].

6.1.1. LAB MEDIA: Figure 2B

6.2. A 4x-magnitude zoom into the astrocyte reveals a maximum intensity projection of one major branch [1], several secondary branches [2], and the distribution of the surrounding branchlets and leaflets [3].

6.2.1. LAB MEDIA: Figure 2C: Video Editor please emphasize major branch as indicated in original Figure 2C
6.2.2. LAB MEDIA: Figure 2C: JoVE Video Editor please emphasize secondary branches as indicated in original Figure 2C
6.2.3. LAB MEDIA: Figure 2C: JoVE Video Editor please emphasize branchlets as indicated in original Figure 2C

6.3. Here the original image of a CA1 (C-A-one) astrocyte is shown [1]. The cell body [2], major branches [3], processes [4], and territory volume enclosed by the astrocyte are reconstructed in these subsequent images [5].

6.3.1. LAB MEDIA: Figure 3: JoVE Video Editor please emphasize images in Ly column
6.3.2. LAB MEDIA: Figure 3: JoVE Video Editor please emphasize images in Soma column
6.3.3. LAB MEDIA: Figure 3: JoVE Video Editor please emphasize images in Soma and major branches column
6.3.4. LAB MEDIA: Figure 3: JoVE Video Editor please emphasize images in Process column
6.3.5. LAB MEDIA: Figure 3: JoVE Video Editor please emphasize images in Territory column

6.4. After the reconstructions were created, the volumes of the soma [1], entire cell [2], and territory were quantified [3], and the number of major branches were counted [4].

6.4.1. LAB MEDIA: Table 1: JoVE Video Editor please emphasize Soma volume row
6.4.2. LAB MEDIA: Table 1: JoVE Video Editor please emphasize Cell volume row
6.4.3. LAB MEDIA: Table 1: JoVE Video Editor please emphasize Territory volume row
6.4.4. LAB MEDIA: Table 1: JoVE Video Editor please emphasize Number of primary branches row

6.5. A cytoskeletal protein that labels intermediate astrocyte filaments [1] is expressed in the cell soma, major branches, and some secondary astrocyte branches [2], but not in the finer branches and processes [3].

6.5.1. LAB MEDIA: Figure 4A
6.5.2. LAB MEDIA: Figure 4A: JoVE Video Editor please emphasize pink signal in LY GFAP image
6.5.3. LAB MEDIA: Figure 4A: JoVE Video Editor please emphasize green signal in LY GFAP image

6.6. In this representative analysis, no significant differences were found in the number of primary branches labeled by glial fibrillary acidic protein [1] and those visualized by lucifer yellow [2].

6.6.1. LAB MEDIA: Figure 4B: JoVE Video Editor please emphasize GFAP data cluster 
6.6.2. LAB MEDIA: Figure 4B: JoVE Video Editor please emphasize LY data cluster

6.7. Further, the cell area and volume of the astrocyte labeled by glial fibrillary acidic protein were significantly smaller than the area and volume visualized with lucifer yellow [1], demonstrating that glial fibrillary acidic protein is a reliable marker for labeling major branches but is not useful for determining the overall area or volume of the cell [2].

6.7.1. LAB MEDIA: Figures 4C and 4D: JoVE Video Editor please emphasizes GFAP data cluster in both graphs 
6.7.2. LAB MEDIA: Figures 4C and 4D: JoVE Video Editor please emphasizes LY data cluster in both graphs 
6.7.3. LAB MEDIA: Figures 4C and 4D



Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Stefanie Moye: (Step 3.6.1.) The amount of dye released from the electrode tip is dependent on the electrode resistance, which must be high enough to allow a steady stream of dye to be ejected [1]. 
7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
7.2. Stefanie Moye: Future studies can examine the different structural components of astrocytes by super resolution light microscopy or by immunohistochemical analysis of the expression of specific proteins within the astrocyte structure [1].  
7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera 


 2018, Journal of Visualized Experiments	Page 9 of 10
image1.emf

image1.png




