General comments to the editor and the reviewers

	Thank you for the careful review of our JoVE submission (#JoVE60225). In the sections that follow we have addressed all the points raised and have shown the changes in the revised files using blue text. The suggestions have improved our manuscript and we are grateful for the comments we received.

All the best,
Bal Khakh 
(on behalf of all authors) 15th June 2019 


Editorial comments
1. “Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues. The JoVE editor will not copy-edit your manuscript and any errors in the submitted revision may be present in the published version.”

Thank you. We have carefully proofread the manuscript.

2. “Please adjust the numbering of the Protocol to follow the JoVE Instructions for Authors. Step 1 followed by 1.1, followed by 1.1.1, etc.”

As suggested by the editors, we have changed the numbering of the protocol. 

3. “Please add more details to your protocol steps. There should be enough detail in each step to supplement the actions seen in the video so that viewers can easily replicate the protocol. Please ensure you answer the “how” question, i.e., how is the step performed? Alternatively, add references to published material specifying how to perform the protocol action. See examples below.”

Thank you. We have added references and more detail to the protocol steps. 

4. “Line 103: Please list an approximate volume to prepare.”

We have modified the line 107 to add “A volume of 1 mL is sufficient for several experiments.”

5. “Line 106: What happens after centrifugation? Is the supernatant transferred to another container?”

We have modified line 109, “Then, filter the supernatant with a 0.2 µm membrane filter into a new tube.

6. “Line 117: Please specify the age, gender and type of mouse. What concentration of isoflurane is used?”

We have modified line 116-118 to read,

 “C57/BL6 mice of either sex can be used. We have empirically observed that for the method to work reliably, it is important that the mice are not older than 3 months (6-8 weeks old is ideal).” 

In line 125, we state, 

“Deeply anesthetize mouse by putting it into an isoflurane induction chamber, after adding 2-3 mL of isoflurane to the chamber.”

7. Please specify surgical tools used throughout the protocol.

A reference to a perfusion fixation protocol for rodents was added in line 118. The surgical tools were also added to the protocol. 

8. “Lines 126, 129: How large is the incision?”

In line 136 we state, 

“Make a 5-6 cm incision with the curved, blunt scissors through the skin to expose the abdominal cavity.” 

In line 140 we state,

“With iris scissors, make a 3-4 cm lateral incision in the diaphragm.”

9. “Line 253: Please describe how.”

Line 280 states,

“Set up a z-stack with a step size of 0.3 µm. While imaging, move the objective until there is no signal from the cell and set that as the top. Then, move the objective down (focusing through the cell) until there is no signal, set that as the bottom.”

10. “Please discuss critical steps in the discussion section”

We have included discussion on critical steps beginning at line 441, 

“There are several critical factors highlighted in this protocol that influence the quality of the LY iontophoresis and morphological reconstruction of the cells. One factor is the quality and reproducibility of the images, which is determined largely by the age of the mouse and the outcome of the perfusion. In this study, we used C57/BL6N mice about 6-8 weeks old. A successful perfusion (highly dependent on the proper placement of the perfusing needle and noted by a white-colored brain and absence of blood in brain vasculature) is necessary for the most detailed and clearly filled cells. After impalement by an electrode, the cell membrane should maintain a tight seal around the tip of the electrode and prevent dye from leaking out. Despite best efforts, occasionally other structures not part of the cell will be filled as the pipette is advanced through brain tissue: we excluded these cells from the analysis. The resistance of the electrodes is an additional key factor. The high resistance only allows a steady ejection of dye from the electrode tip upon voltage stimulation. More technically, it is important to maintain gentle, slow movements when impaling the soma of the cell with the electrode. Electrode penetration through the cell can lead to dye leakage from the soma. A successful impalement followed by voltage application should result in almost immediate dye filling of the cell body and processes (i.e. within a few seconds). The time required to completely fill an astrocyte is related to the territory it encompasses; however, wait to ensure the finer processes are completely filled, at least 15 minutes.”

11. “Please describe how image analysis and reconstruction is done. These steps do not have to be filmed.”

We have included a section on image analysis and reconstruction in the results section beginning at line 336,

“Morphological analyses and reconstructions of astrocytes were performed with Imaris software (Version 7.6.5) using the post-fixation images of LY-filled astrocytes (other software such as Image J could also be used). After the reconstruction of each astrocyte was completed, the volumes of the soma, major branches, processes, and territory were quantified. The soma was created first with a surface smoothing set to the x-y plane resolution limit (0.25 µm). The minimum object diameter was set at 3.0 µm to remove other objects not associated with the cell body. To create the major branches, the intensity of the soma was masked, due to its brightness relative to the rest of the cell. The surface smoothing and minimum object diameter of the major branches was set to 0.3 µm (z plane step size). To create the processes, the intensity of the major branches was also masked. Surface smoothing was set to 0.18 µm and minimum object diameter was set to 0.3 µm. The territory of the astrocyte was created using a lower intensity threshold and surface smoothing set to 0.75 µm. Figure 3A shows the original image of a CA1 astrocyte. The cell body, the major branches, the processes, and the territory volume enclosed by the astrocyte are reconstructed in Figure 3B-E. After the reconstructions of the cells were created, the volumes of the soma, entire cell, and territory were quantified and the number of major branches was counted (Table 1). CA1 astrocytes from the stratum radiatum had an average soma volume of 488.91 µm3, average of ~7 primary branches, average cell volume of 5.58 x 103 µm3, and average territory volume of 2.94 x 104 µm3.”
 
12. “Figure 3: Please describe different panels in the figure legend.”

We have included descriptions of individual panels in lines 409-411. 

“A. CA1 astrocyte filled with LY. B-E. Three- dimensional reconstruction of the soma (B), soma and major branches (C), processes (D), and territory (E) at 0° and 45° orientation. (Scale bar = 10 µm).”

13. “Please upload Table 1 to your Editorial Manager account as an .xlsx file.”

Table 1 is now updated as an .xlsx file. 

14. “Table of Materials: Please sort the materials alphabetically by material name.”

We have changed the list to alphabetical order. 

15. “References: Please do not abbreviate journal titles; use full journal name.”

We have updated the reference list to include the full journal names. 


Reviewer #1
Major Concerns:
“When using a 60x oil objective, the image stack may not cover the whole astrocytes. A single astrocyte may have a size up to 100 um (diameter if it is considered as a sphere structure). The image quality up to 50 um deep may significantly decrease with confocal microscopy. This can be discussed.”

The 60x oil objective is sufficient to image an entire mouse astrocyte which has a diameter of 40-60 µm on average (Khakh, B. S., & Sofroniew, M. V., 2015). We completely agree with the reviewer’s comment about the z-resolution in confocal microscopy. We have included this point in the discussion of revised manuscript (lines 467-470). 

“Finally, as with all forms of confocal microscopy, spatial resolution is limited by diffraction, noted as the point spread function of the microscope optics17. Altering components of the imaging system, such as decreasing pinhole diameter, will help improve the images, but the true resolution is determined by the wavelength of light and the numerical aperture of the objective lens. In our case, we estimate the best resolution possible is probably around 300 nm, which is likely to be worse in the z-axis.”

Minor Concerns:
“The author may want discuss the advantages and disadvantages of using astrocyte specific FP labeling method as compared with dye filling of current protocol. Dye filling with iontophoresis of fresh slice needs a good skill, which is difficult for many people.”

Thank you for this suggestion. We have included some discussion about astrocyte specific fluorescent protein labeling methods in the discussion section beginning at line 478.

“LY iontophoresis offers several advantages over other commonly used methods to label astrocytes. The protocol can be applied in any established mouse model, cell population, or brain region18, 19, 20 as it is not limited by an astrocyte specific promoter or a transgenic mouse line. Genetic approaches to express fluorescent proteins ubiquitously in astrocytes by viral injections or transgenic mouse reporter lines (i.e., td-Tomato) require the use of an astrocyte promoter, which, in some regions, can be expressed in other cell types or not include all the astrocytes21. LY iontophoresis is also time-efficient, as viral injections of fluorescent proteins require surgery and time to express the specific virus, and transgenic mouse lines require breeding. Finally, LY iontophoresis is a useful method to distinguish individual cells, while other strategies would also need to be combined with a method for sparse labeling to visualize the territories of individual astrocytes22, 23, 24.  However, no one method is a panacea and the choice of which is used needs to be tailored to the specific question being addressed.”


Reviewer #2
Major Concerns:
“As mentioned above, addressing other approaches for astrocyte imaging in the discussion is merited. The authors state in the discussion that LY iontophoresis offer several advantages over other commonly used methods, including the fact that it has a unique ability to resolve the entire astrocyte structure in 3 dimensions, and that it can be combined with immunohistochemistry, and applied to any established mouse model, cell population, or brain region. However, it is unclear to me how these advantages do not apply to other methods for 3D imaging of astrocytes, particularly tdTomato and LckGFP. If the authors wish to make this claim, it would be important to demonstrate this advantage by direct comparison with these methods. Certainly, individual labeling by iontophoresis provides an enhanced level of control over the number of cells labelled. Relatedly, it would be useful to the reader to provide citations (space limitations permitting) which put this astrocyte imaging approach in the context of others.”

We agree with the reviewer’s suggestion, and have added some discussion about astrocyte specific fluorescent protein labeling methods from lines 465-489. 

“Also, LY is limited as a cytosolic dye because it cannot be used to label the astrocyte membrane, in comparison to labeling with a membrane-tethered GFP, such as Lck-GFP16. Lck-GFP would give a more accurate representation of the entire territory area, as LY iontophoresis reveals the internal volume of an astrocyte. However, depending on the experimental design, LY iontophoresis is better suited to resolve the entire astrocyte internal volume, develop three- dimensional reconstructions, and quantify the anatomical components that make up an astrocyte’s structure6. Finally, as with all forms of confocal microscopy, spatial resolution is limited by diffraction, noted as the point spread function of the microscope optics. Altering components of the imaging system, such as decreasing pinhole diameter, will help improve the images, but the true resolution is determined by the wavelength of light and the numerical aperture of the objective lens. In our case, we estimate the best resolution possible is probably around 300 nm, which is likely be worse in the z-axis. 

LY iontophoresis offers several advantages over other commonly used methods to label astrocytes. The protocol can be applied in any established mouse model, cell population, or brain region18, 19, 20 as it is not limited by an astrocyte specific promoter or a transgenic mouse line. Genetic approaches to express fluorescent proteins ubiquitously in astrocytes by viral injections or transgenic mouse reporter lines (i.e., td-Tomato) require the use of an astrocyte promoter, which, in some regions, can be expressed in other cell types or not include all the astrocytes21. LY iontophoresis is also time-efficient, as viral injections of fluorescent proteins require surgery and time to express the specific virus, and transgenic mouse lines require breeding. Finally, LY iontophoresis is a useful method to distinguish individual cells, while other strategies would also need to be combined with a method for sparse labeling to visualize the territories of individual astrocytes22, 23, 24.  However, no one method is a panacea and the choice of which is used needs to be tailored to the specific question being addressed.”

Minor Concerns:
1). “The authors state that 7-12 cells from 4 mice in each experiment were used for the reported study. Approximately how long does it take to individually label this number of cells, either overall or for 1 slide or mouse? This will be useful for anyone who would like to adopt this approach.”

We have included this information in lines 244-246,

“Depending on the brain area used for the experiment, the number of astrocytes may vary. This may affect the time needed to identify an astrocyte before filling.” Also, line 282 states, “Dye filling of a single astrocyte and imaging takes about 45 minutes to an hour. For this specific experiment, it was possible to get about 3-6 cells per mouse.”

2). “If multiple cells are labelled, is there any distance between cells which need to be allowed, in order to get good individual images of fine branches?”

We included a note about this in lines 287-289,

“If needed, multiple cells can be labeled on the same slice. However, to distinguish individual astrocytes, be sure to keep a distance of about 200 µm between cells.”

3). “What dilution of Aquaporin-4 primary antibody was used for IHC? (I apologize if I missed it).”

Line 300 states 

“we used a 1:500 dilution for Anti GFAP antibody and a 1:500 dilution for Anti Aquaporin-4 antibody.”

4). “How much of a concern is clogging for a 200 MOhm electrode? Does this happen with any frequency?”

We addressed this comment in the text lines 224-227, 

“Clogging is a concern for the 200 MΩ electrode. With centrifugation and filtration of the dye solution before every experiment, this should not be a frequent problem. However, because the tip of the electrode is small, tissue may sometimes become stuck in the opening. We have not found a way to prevent this, but it can be easily dealt with by simply using a new electrode”


Overall, many thanks to the editor and reviewers for their comments – which have improved our manuscript.
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