We thank all reviewers for their comments, which have helped greatly in the preparation of an improved manuscript.
Please see below a point-by-point response to each of the comments. The reviewers’ comments are marked with shaded background. The changes are marked as red color in the text. The replies to reviewers are colored as blue. We have expanded Figure1, and the language is improved by a native English speaker.
[bookmark: _GoBack]We have also added one co-author, Kirsten Joan Thomsen, who has helped us improve the language and gave us many technical suggestions.

Reviewer #1:

Manuscript Summary:
The authors provide a methods video/paper for their recent publication (PNAS 2018) on conducted vascular responses. Combining two-photon imaging of small structures (capillaries, astrocytic processes) with pipette puffing of compounds in living animals is a challenging technique and so this publication will be a benefit to the field. The authors describe all facets of their experiment - including the initial surgery, the craniotomy, how to place the coverglass so that a pipette can be inserted under it, the difficult task of guiding the pipette to the targeted region, and how they merge the stack to compute vascular or astrocytic dynamics over a small volume. In my opinion, all the details necessary for others to duplicate the procedure have been provided and the paper is well organized. I have only a few minor questions.

Major Concerns:
none

Minor Concerns:

Because the image stack is taken over around 1 seconds, segments from top frames will have been collected earlier in time from segments in lower frames. Perhaps the volume is small enough so that many frames go into the instantaneous diameter calculation. But I would like to hear if the authors have any comment about the possibility that this could affect the latency computations. For instance if a vessel in one of the upper frames of the stack began to dilate just after its frame was collected, it would not be imaged again for close to one second and a vessel deeper in the stack might look like it had dilated sooner but that would only be because of the time when it was sampled.
Thanks for pointing this out. We agree that it will be more precise to use the time of each plane in the stack to calculate the real latency of vaso-responses. And we are right now implementing this function in our customized analyzing software.
In the meanwhile, we still believe that the slow conducted vascular responses exist. In our PNAS paper, we also observed the same phenomena by simple 2D time-series scanning. And our hyperstack imaging avoids the possibilities of focus drift which leads to better estimation of vessel diameters. Secondly, each vasculature has a unique structure. If there is a direct correlation of response latency and z-position in the image stack for each ROI, we would expect to see the earliest responding ROI located at the first plane of each stack. But actually it is not the case in our study.

The authors mention checking puffing parameters for pipettes in other regions of cortex. Does this need to be done for every pipette or do you get a general feel for what are good parameters after some practice and then use these during experiments? If it does need to be done every time, does positioning it in one region of cortex and then withdrawing and moving to the target region cause any problems - instability by moving around in the agar, or potentially clogging the tip with a second insertion? Perhaps the authors could provide more detail about how this step was mastered.
In the beginning phase of establishing this method, we indeed tested the puffing parameters in the other region of cortex before the formal experiment. But now, we normally give a gentle puff inside agarose before insertion, and check whether a red cloud is instantaneously observed around the pipette tip with 25x objective. This puffing location should be far away from the regions of interest for puffing experiments (0.5-1 mm above surface). The newly produced glass micro-pipettes have consistent resistance of 3-3.5mΩ. This usually conveys smooth puffing experiments. But the tip may get clogged if storing for a long time. This is the reason of testing inside agarose.
We have therefore removed the word ‘test in the other region of cortex’ in the discussion part.


This is a methods paper and so the scientific significance of results is probably not at stake. But I do wonder what the physiological significance of such a slowly propagating signal could be. Similarly, the astrocyte processes can take more than 10 seconds to respond to a puff of ATP right next to them. Were other compounds (which can generate much more rapid vascular responses) not chosen because the method isn't fast enough to resolve rapid conduction or was there a special reason for choosing ATP?

Thanks for this brain-storming question. We think the slow CVR could possibly facilitate functional vasodilation instead of playing active roles in dilation onset. Furthermore, please note that the definition of latency is time to half of maximal vaso-responses, and isn’t the real onset time. During the data analysis, we realized that linear propagation pattern is the most obvious when calculating half-peak latency. This is due to the temporal properties of our two-photon hyperstack imaging.
ATP is an important signaling molecule in purinergic signaling, which could is involved in astrocyte-astrocyte, astrocyte-pericyte crosstalk, regulating of blood flow in arterioles and capillaries. This is our motivation to use ATP and its analogs. There are also other reasons to choose ATP: (1) ATP induces vasodilation followed by vasoconstriction; while most of other vasoactive compounds could only induce monophasic effect. (2) ATP is very easy to degenerate and basic vascular tune returned to baseline quickly (within 10 minutes).


Reviewer #2:

Manuscript Summary:
The article describes a protocol to acquire in vivo rapid two photon images stacks of the brain vasculature in mice and more importantly the ability to simultaneously deliver a puff of ATP through a precisely localized micropipette. In addition Ca2+ imaging of astrocytes response is obtained possible after ad hoc viral injection. The technique requires a two photon microscope with a objective mounted on a piezo motor.

General remarks:

In the introduction some precisison should be added to quantifiy "high spatial and temporal resolutions" and the dimensions of the 3D volume that is actually imaged.
Thanks for the comment. Regarding the spatial resolution, we currently use pixel resolution of 0.2-0.3 µm, which is sufficient to study the calcium signaling in somata and processes of astrocytes, as well as vessel diameters. Regarding the temporal resolution, we currently use 1s per stack. This is sufficient to study the slow calcium activities in astrocytic compartments and slow CVRs. However, the recent findings about the fast calcium activities in astrocytes are in a similar temporal scale with neurons, which cannot be detected by our current setup. Furthermore, it is still unclear about signaling between astrocytes and pericytes in the capillary level, therefore it is hard to define a specific temporal resolution which is sufficient to study the signaling. At last, in this sentence of the introduction session, we mainly talk about the advantage of 3D imaging rather than 2D. Therefore we decide to delete ‘with high spatial and temporal resolutions’ from the sentence.
We have specified our spatial and temporal resolution in the method session 5.3.

The paper requires editing of the english grammar and language.
This manuscript has been checked and revised by a native English speaker.

Some figures should be improved.

Detailled remarks and questions are given related to the section number they refer to.
Please see below.


2- surgical procedure
Regarding the protocol I was wondering why you use a cathether in the femoral artery to inject FITC-dextran. A retro orbital injection is faster and more easily performed and much less invasive.
As a practical indication the rate of success of the whole procedure should be indicated (e.g Out of 10 mice how many surgery and labelling are expected to provide reliable results)
Thanks for your advice. The catheter for femoral artery is to continuously monitor the blood pressure and arterial blood gases, making sure that the mouse is in the normal physiological state. We believe this is necessary and critical to study the regulation of cerebral blood flow. The catheter for femoral vein is to deliver anesthesia and inject plasma fluorescent dye. We agree that retro orbital injection is indeed faster and easier. However, making catheter in femoral vein has its own advantages: (1) Continuous i.v. infusion of anesthesia to facilitate a stable physiological state; (2) To avoid administration of anesthesia in the middle of imaging session; (3) FITC-dextran (TRITC-dextran) are metabolized quickly in mice. Continuous i.v. infusion of FITC-dextran (TRITC-dextran) gives us stable image quality during the hours’ long imaging session. 
The success rate of surgery and labeling are almost 100% in our lab. This requires 3-6 months training and practice with micro-surgery skill and imaging techniques.


3 First two photon imaging session
3.2 please give details on how a typical RFP map looks like and how it is used for in,sertion of the micro-pipette.
We have added representative RFP and GFP map in the figure1 C-D. And the following sentences are added in the method session.

Line 202-207
4.4 Choose one of the marked locations in RFP ‘map’ as destination. Move the pipette tip to the horizontal plane of the cover glass edge with 30µm distance, roughly pointing towards the destination in the x-y plane.
4.5 Carefully lower the pipette tip in z-axis under the cover glass slip. Then start advancing the glass pipette towards the destination until ~500 µm above the brain surface.
Line 359-363
C. Representative images of Red Fluorescent Protein (RFP) and Green Fluorescent Protein (GFP) using epi-fluorescent illumination are shown. They are used as ‘maps’ during pipette insertion. Red circles mark locations of 1st order capillaries with >5% vasodilation during whisker pad stimulation. Scale bar: 50 µm.


- what is the GFP epifluorescence imaging mode used for ?
The RFP images display cerebral arteries and arterioles in NG2DsRed mice; while the GFP images provide information of the whole vasculature. We use RFP images as maps because the glass micro-pipette is filled with red fluorescent dye. During the pipette insertion, it is easier to check brain surface, pipette tip with the red epi-fluorescent illumination. By revisiting the GFP and RFP map during pipette insertion and two-photon imaging, it helps us to distinguish veins/venules and arteries/arterioles. Furthermore, if using wild-type mice instead of NG2DsRed mice in the experiment, GFP image is used as map instead. We have added the following sentence.
Line177-178
GFP ‘map’ is used to distinguish veins/venules from arteries/arterioles.
Line 186-188
If using wild-type mice instead of NG2DsRed mice in the experiment, GFP image is used as ‘map’ instead.

3.4 Locations with >5% vasodilation are "marked" on the map ? Please explain what does it consist in
The craniotomy in our preparation covers both part of the whisker barrel cortex and part of somatosensory cortex. The responding area to whisker pad stimulation is usually limited to frontal and lateral region of exposed cortex. Therefore a location with <5% vasodilator response to whisker pad stimulation are considered as being outside of the whisker barrel cortex region.
We have added a few sentences to elaborate this definition in the method session.
Line 184-186
Mark locations of 1st order capillaries with >5% vasodilation during whisker pad stimulation on the RFP ‘map’ (Figure 1C). Locations with <5% vasodilation are considered as being outside of the whisker barrel cortex region.

5
-TRITC-dextran is mentioned here only in the pape and not in the surgical section. Please detail how it is used ( injection protocol , volume etc) Is it used in addition or alternatively to FITC to label blood serum , why ? are there any methodological issues with either of these fluorescent molecules ?
Thanks for this comment. FITC-dextran (green) is used in NG2DsRed mice with red fluorescent pericytes; while the vessel lumen is stained as green. TRITC-dextran (red) is used in virus injection mice with green fluorescent indicator for astrocytic calcium; while the vessel lumen is stained as red.
We have added the following sentences in method session to clarify it.
Line 270-272
To distinguish between astrocytes and vessel lumina, TRITC-dextran instead of FITC-dextran should be used to stain vessel lumina red.

-Please mention explicitly the dimensions ( in µm of the hyperstack , heigh can be derievd from the data to be between 32 an 50 µm but the x and y dimensions should be included too)
We have added the following sentences in the method session.
Line 236-237
The total height of each stack may vary from 30 -50 μm, while the x-y plane should roughly cover an area of 60 µm × 40 µm.


6 As this is a protocol paper, if the author could share their implementation of the chan-vese segmentation this would surely be appreciated by the intended readers and potentila users of the present protocol.
Thanks very much for this comment. The analyzing software is completely custom built in MATLAB, which is so far very user-unfriendly unfortunately. And we agree that it would be helpful to provide the MATLAB code so that others can also use Chan-vese segmentation method to analyze vessel diameters. We will work on it, and hopefully publish it online soon.

Results

The two digit precision on the speed of vasodilation /vasoconstriction propagation is probably not significant reagrding the 1s temporal resolution and the 200ms puffing of ATP I would suggest discussing this point. How does the speed of the technique compare to two photon microscopes that use AOD to scan in 2D and 3D. Some of these are now commercially available http://karthala-system.com/wp/aodscope/ or http://femtonics.eu/femto3d-acoustooptic/ and would allow to scan larger volumes with better temporal resolution.
We admit that our method has limitations. We have talked to the specialists who are working with developing AOD system in Femotnics. They claim that with the same spatial resolution and volume size, the AOD system can reach as high as 5 volumes per second. Furthermore, the newly developed light-sheet microscope can also conduct fast volume scanning. Elizabeth Hillman et al. can make 10Hz volume scanning with much larger volume (350×800×100µm) in living mouse brain.
We have added the following sentences in the discussion session.

Line 325-329
In order to make more precise measurement of CVR speed, volume scanning speed should be improved. There are other newly-developed volume-scanning microscopes, for example, two-photon microscope with acoustic optical deflector (AOD) scan as fast as 5 volumes per second with the same spatial resolution and volume size (email communication). Light-sheet microscopes scan even larger volume size (350×800×100µm) with 10Hz volumes per second2.



Figure 2 Error bars should estimated and be added to figure 2HIJK. how many vessels in how many mice were imaged to produce these data. If it is a single one this should be more clearly stated
Thanks for the comments. This is actually a single recording.
We have added the following sentences in the result session and figure legend.

Line 282-283
In single puff recordings, normalized diameter changes at each ROI were overlaid to compare the responses of different vessel segments (Figure 2E). 
Line 285-287
Amplitudes and latencies of dilation and constriction at each ROI in single puff recordings were plotted over the calculated distances from the ROIs to the penetrating arteriole (Figure 2H-K). 
Line 374
Measurements are based on a single experiment.

Figure 3 A pipette location should be indicated. B Each trace correspond to an ROI but what do the dotted rectangls on the traces correspond to ?

We have marked the pipette location in Figure 3A. The dotted rectangles correspond to the ATP-induced calcium elevation in each ROI, using criteria > mean + 1.5 × standard deviation. We have added the following sentences in the figure legend.
Line 389-390
B. Multiple ROIs are placed at astrocytic somata and processes. Upon 1 mM ATP puffing, intracellular calcium increased in astrocytic processes but not in somata (dotted boxes), where calcium levels > mean + 1.5 × standard deviation were defined as significant.



Reviewer #3:

Manuscript Summary:
The authors describe an intravital procedure to locally deliver chemical stimuli to brain microvessels while using imaging to capture dynamics including the contraction and dilation of vessels and calcium transients in astrocytes. This is a challenging experiment and it would be useful to have video guidance on how to do the various procedures. With addition of a few clarifications and specifics, this protocol would be useful.

Major Concerns:

It would be important to clarify that this method provides diameter measurements using axial projections of images, rather than true, 3D measurements of the vessel.
Thanks for the comment. We have added the following sentences in the abstract and introduction session.
Line 41-43
Our method uses fast and repetitive hyperstack two-photon imaging (4D imaging) providing precise diameter measurements by maximal intensity projection of the obtained images. 
Line 70-71
We implemented a piezo motor objective in a two-photon microscope to study mouse somatosensory cortex in vivo, allowing precise diameter measurements by maximal intensity projections of the obtained images.


Recommend adding a local anesthetic at incision sites such as bupivacaine, 0.125%, or lidocaine.
We use lidocaine in our craniotomy preparation. We have now added the following sentences in the method session.
Line 111-112
Inject 0.5% lidocaine (0.04 mL) subcutaneously under the planned incision and wait for 2 minutes. 
Line 119-120
Inject 0.5% lidocaine (0.04 mL) subcutaneously under the planned incision and wait for 2 minutes. 
Line 135-137
Inject 0.5% lidocaine (0.04 mL) subcutaneously under the planned incision and wait for 2 minutes.



More details are needed on the hyperstack acquisition. Is the objective continuously moving or is it stopping at each level in z? Please comment on the selection of spacing between images within each stack. 4-5 µm seems like a large step if capillaries are only 4-5 wide, because images could catch just the edges of the vessel resulting in problems in the diameter estimation.
The objective stops at each level in z. The point spread function of our two-photon microscope covers z-axis of ± 5 µm. Therefore even if the plane distance is 4-5 µm, we are still capable of capturing images covering vessel center. We have added the following sentences in the method session.
Line 238-239
The piezo-motor objective stops at each level on the z-axis to acquire the image of each plane.

Please also add some comments about the potential complications of acute surgeries and side effects of inserting the pipette in the discussion.
We have added the following sentences in the discussion session.
Line 330-335
Our mouse preparation also has limitations. Acute mouse surgery may have potential complications. Pain relief medicine and anesthesia may affect the neurovascular responses. Acute neuroinflammation can also be triggered, resulting in microglial activation and leukocytosis in cortical tissues and vessels. Although the tip size of glass micro-pipettes is usually very small (< 1 µm), the insertion procedure and ATP puffing could also potentially trigger microglial migration and embracement of insertion site within 0.5-1 hour post-insertion.



Minor Concerns:

In the abstract, I recommend finding a term that is more specific and descriptive of the purpose of the "puffing" (delivery of drug) rather than "puffing".
We have change the term to ‘local ejection’
Title: A 3-dimensional in vivo method to study conducted vascular responses by local ejection using glass micro-pipette in mouse cerebral cortex by two-photon microscope
Summary: We present an optimized local ejection procedure using a glass micro-pipette and a fast two-photon hyperstack imaging method, which allows precise measurement of capillary diameter changes and investigation of its regulation in three dimensions. 

Abstract: Line 41
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK18]Here, we describe a 3D in vivo method using two-photon microscopy to study conducted vascular responses elicited by local ejection of ATP with a glass micro-pipette.


There are multiple instances where wording could be improved for clarity.
This manuscript has been checked and revised by a native English speaker.


In the diameter measurement, please clarify how the measurements are oriented in angle, because the angle and location of the diameter measurement is ambiguous for lumpy vessels.
In the Data Processing session, we claim as follow ‘Draw a rectangular region of interest (ROI) with width of 3 µm perpendicularly across the vessel longitude (Figure2C).’ Furthermore, the width of ROI is very small (3 µm), and we didn’t need to take lumpy shape of vessels into consideration. In order to clarify it even clearer, we have added the following sentences in the result session.
Line 280-281
Rectangular ROIs were placed perpendicularly across the vessel to measure vessel diameter change upon ATP puffing (Figure 2C).  
Line 369-370
C. Multiple uniquely colored regions of interest (ROIs) placed perpendicularly across the vasculature to measure the vessel diameter.


Please provide more details about the way the agarose is prepared. In PBS, saline? Temperatures?
We prepare the agarose in aCSF. We have changed the following sentences in the method session.
Line 145-147
Cover the exposed cortex with 0.75% agarose gel (type III-A, low EEO; Sigma–Aldrich), dissolved in artificial cerebrospinal fluid (aCSF; pH = 7.4) and cooled to 35○C.


Also, what is the fluid for the dextran and alphachloralose/dextran solutions - saline?
FITC-dextran, TRITC-dextran, alpha-Chloralose are prepared in solution of saline. We have added the following sentences in the method session.
Line 165-166
Both FITC-dextran and α-chloralose are dissolved in 0.9% saline.


A diagram of the pipette angle relative to the mouse might be useful to better describe the coordinate system. Is the pipette coming over the attachment of the headmount?
The pipette holder is mounted on the same stage plate with the mouse. We have changed Figure 1A and figure text.
Line 352-353
The glass micro-pipette holder is mounted on the stage plate. 

Please provide drawings/specs for the head holder and mount.
We have changed the diagram in Figure 1A, and add the following sentence in the Method section. 
Line 141-142
The metal head bar is 75 mm long and 13.5 mm wide, with round hole of 5 mm diameter in the center.

