Authors’ responses are in bold
Comments from Peer-Reviewers: 

You will find Editorial comments and Peer-Review comments listed below. Please read this entire email before making edits to your manuscript.
NOTE: Please include a line-by-line response to each of the editorial and reviewer comments in the form of a letter along with the resubmission. 

Editorial Comments:

• Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammatical errors.
Thank you, we have done this.

• Abstracts:

• Textual Overlap: Significant portions show significant overlap with previously published work. Please re-write the text indicated in red in the attached document to avoid this overlap. 
After communicating with the editor, it was determined that this section does not apply to our manuscript, and we should disregard the comment

• Introduction: Please expand your Introduction to include the following: The advantages over alternative techniques with applicable references to previous studies; Description of the context of the technique in the wider body of literature; Information that can help readers to determine if the method is appropriate for their application.
Reviewers have indicated that our introduction and consideration of other techniques and literature is sufficient. 

• Protocol Language: Please ensure that all text in the protocol section is written in the imperative voice/tense as if you are telling someone how to do the technique (i.e. “Do this”, “Measure that” etc.) Any text that cannot be written in the imperative tense may be added as a “Note”, however, notes should be used sparingly and actions should be described in the imperative tense wherever possible.
Thank you, we have done this. 

• Please include an ethics statement before your numbered protocol steps indicating that the protocol follows the animal care guidelines of your institution.
Text added: line 125 “All experimental procedures were approved by the National Institute of Neurological Disorders and Stroke/National Institute on Deafness and Other Communication Disorders Animal Care and Use Committee.”
• Protocol Detail: Please note that your protocol will be used to generate the script for the video, and must contain everything that you would like shown in the video. Please ensure that all specific details (e.g. button clicks for software actions, numerical values for settings, etc) have been added 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.
Complete

• Protocol Numbering: Please adjust the numbering of your protocol section to follow JoVE’s instructions for authors, 1. should be followed by 1.1. and then 1.1.1. if necessary and all steps should be lined up at the left margin with no indentations. There must also be a one-line space between each protocol step.
Spaces have been added, and numbering adjusted where necessary

• Protocol Highlight: After you have made all of the recommended changes to your protocol (listed above), please re-evaluate the length of your protocol section. There is a 10-page limit for the protocol text, and a 3- page limit for filmable content. If your protocol is longer than 3 pages, please highlight ~2.5 pages or less of text (which includes headings and spaces) in yellow, to identify which steps should be visualized to tell the most cohesive story of your protocol steps.
1) The highlighting must include all relevant details that are required to perform the step. For example, if step 2.5 is highlighted for filming and the details of how to perform the step are given in steps 2.5.1 and 2.5.2, then the sub-steps where the details are provided must be included in the highlighting.
2) The highlighted steps should form a cohesive narrative, that is, there must be a logical flow from one highlighted step to the next.
3) Please highlight complete sentences (not parts of sentences). Include sub-headings and spaces when calculating the final highlighted length.
4) Notes cannot be filmed and should be excluded from highlighting.
The portions of the protocol to be filmed have been highlighted.

• Discussion: JoVE articles are focused on the methods and the protocol, thus the discussion should be similarly focused. Please ensure that the discussion covers the following in detail and in paragraph form (3-6 paragraphs): 1) modifications and troubleshooting, 2) limitations of the technique, 3) significance with respect to existing methods, 4) future applications and 5) critical steps within the protocol. 
We have ensured that the discussion is methods-focused

• If your figures and tables are original and not published previously or you have already obtained figure permissions, please ignore this comment. If you are re-using figures from a previous publication, you must obtain explicit permission to re-use the figure from the previous publisher (this can be in the form of a letter from an editor or a link to the editorial policies that allows you to re-publish the figure). Please upload the text of the re-print permission (may be copied and pasted from an email/website) as a Word document to the Editorial Manager site in the "Supplemental files (as requested by JoVE)" section. Please also cite the figure appropriately in the figure legend, i.e. "This figure has been modified from [citation]."
Figures and tables have not been previously published 

Reviewer #1:
Manuscript Summary:
In this work Catherine Weisz and Matthew Fischl have developed a new slicing procedure termed "Wedge Slice". This new technique is a modified thick slice preparation designed for maintaining intact presynaptic neuronal circuitry with the accessibility of brain slice investigation for analysis of neuronal function. The technique consists in generating in vitro preparations that more closely resemble the circuit connectivity of in vivo recordings, but with the high performance and resolution recording abilities of patch-clamp electrophysiology in brain slices. It comprises an asymmetrical brain slice which is thickest in the rostro-caudal domain at the lateral edge of one hemisphere (containing the axons of the auditory nerve as they enter the brainstem and synapse in the cochlear nucleus) and then thins towards the lateral edge of the opposite side for optically-based patch-clamping at the postsynaptic cell of interest.
This new technique is very well designed and as a whole provides a more intact circuit compared to a typical brain slice. Results obtained are straightforward in showing the utility of the wedge slice to activate both excitatory and inhibitory inputs to medial olivocochlear neurons by stimulating the auditory nerve root, with activation of subsequent afferent circuitry.
Overall, the results obtained with this new technique are compelling and demonstrate that with the wedge slice authors can mimic in vivo circuit activation as closely as possible within the slice. Moreover, this technique can be applicable to other brain circuits.

Major Concerns:
I don't have any concerns.
Thank you for your support of this technique and manuscript.


Reviewer #2:
Manuscript Summary:
This is an interesting and mainly well-documented study that describes a seemingly minor, but potentially powerful variation of the brain slice method. By using a wedge rather than a uniformly thick coronal slice, the authors demonstrate (both anatomically and physiologically) that it is possible to preserve vital long range circuit elements and so study the brainstem inputs to neurons on the VNTB. Unusual slice configurations have been employed before (for example the Oertel parasagittal slice for maintaining cochlear nucleus circuitry) but this paper is a significant advance in allowing long range connections crossing the midline to be investigated. Though focused on the medial olivocochlear system neurons (the use of a transgenic animal with fluorescent marker is clever!), the technique could be applied to other parts of the brain where planar elements of circuitry are present. The authors provide a useful discussion of the limitations of the method (but see below).
Thank you for your support of this technique, and for constructive comments to improve the manuscript.

Major Concerns:
The authors provide a large amount of some rather trivial aspects of the method and these could be trimmed substantially. 
We understand that some details may seem trivial, but to appeal to a broader audience, we provide many specifics which may be necessary for readers with less experience in anatomy/histology or electrophysiology experimental methods. We try to attend to the specific omissions below. 
However there are some rather important elements left out. 
1. What is the nature of the slice chamber itself, including flow rates and temperature?
Per journal style, we have included the slice chamber manufacturer and part # in the materials list. 
My own experience of brainstem slices is that especially with thicker slices, flow rate and chamber design can be critical in maintaining good physiology. 
Thank you, we also use a faster flow rate compared to typical slice thicknesses thanks to advice from developers of thick slice preparations. We have not tested a different chamber design but will look into it. Thank you for the comment! We have amended the text to now read: line 529 “Due to the larger volume of tissue in the slice, modification of traditional slicing solutions, temperatures, incubation details, and perfusion systems may improve the health of the slice. Here we employ slight modifications to our normal slice preparation. These include shorter recovery incubation times (30 minutes vs. 60 minutes) and faster flow rates in the slice chamber perfusion system.”
	
[bookmark: _Hlk42786037] 2. The authors rightly mention in the introduction, that in more mature brains, myelination and reduced optical properties make patching very difficult even in thin slices. It seems that the thin edge of their preparation is 200-500um thick and so this limitation presumably still exists unless they are using neonatal brains. They should state what ages of animal they have used and whether this preparation only works well in immature brains. 
The data shown in figure 4 is from a P15 (AN stim) and a P17 (VAS stim) neuron. While the reviewer is correct that visualization and patching is easier in younger animals, our recordings come from post-hearing mice (>P14) ranging up to P21 in the wedge slice experiments performed so far. Given that the wedge slice is the approximate thickness of a normal slice (300 mm) at the level of the MOC, recording in adult animals should be feasible (as in Torres Cadenas et al 2020; recordings up to P36) albeit with a lower yield. The details regarding the age range of animals used in these experiments has been added to the protocol. Text reads: line 129 “Mice for these experiments were obtained by crossing ChAT-IRES-Cre transgenic mice on C57BL/6J background (The Jackson Laboratory, 028861) with tdTomato reporter mice (Ai14, The Jackson Laboratory, 007914). Mice used for histology and electrophysiology were post-hearing onset (P14-P21). Neurons expressing tdTomato in the ventral nucleus of the trapezoid body (VNTB) have been previously characterized as MOC neurons in this mouse line 57. “
3. In the discussion they provide advice on how to proceed if circuitry between the cochlear nucleus and contralateral VNTB is found not to be intact in a particular slice. Fair enough, but it would be useful to have some information on how often this happens i.e. what is the success rate? 
We have added text to address the success rate: line 514 “After optimization of slice geometry, we recorded consistent PSCs in MOC neurons evoked by electrically stimulating the auditory nerve root in 8 of 18 wedge slices. In our previous work we were able to evoke inhibitory PSCs via direct stimulation of MNTB axons in approximately 60% of MOC neurons 57, suggesting that our success rate here is only a modest reduction given the long range of the inputs and necessity for polysynaptic circuit activation.”
Minor Concerns:
line 60-suggest they replace "fulfill both criteria" with "suffer from the above limitations" 
The text has been amended as suggested.

Suggest add references by Wang and Robertson who recorded from identified MOC neurons in VNTB Two types of actions of norepinephrine on identified auditory efferent neurons in rat brain stem slices.
Wang X, et al. J Neurophysiol. 1997. PMID: 9325349 Substance P-induced inward current in identified auditory efferent neurons in rat brain stem slices. Wang X, et al. J Neurophysiol. 1998. PMID: 9658043    
Thank you, we have added these references in the discussion in line 564, where we discuss pre-synaptic circuitry of MOC neurons that is likely absent in the wedge slice. 

Line 150-mention that carbogen is 95%O2/5%CO2 
[bookmark: _GoBack]We have ensured that carbogen is defined at its first use in the manuscript.

The assumption is that all the cholngergic neurons they see in VNTB are MOC neurons, but Godfrey (Immunohistochemical evaluation of cholinergic neurons in the rat superior olivary complex.
Yao W, Godfrey DA. Microsc Res Tech. 1998 May 1;41(3):270-83) showed 2 distinct populations of Chat-positive neurons in VNTB. Can they be sure of this? 
Thank you, we are aware of this previous work and understand the concern that non-MOC neurons may be labeled in the ChAT-IRES-Cre mouse line used here. We shared the same concern when beginning research using this mouse line. In our recent publication (Torres Cadenas et al 2020), we characterized the fluorescently labeled cholinergic neurons in the VNTB of the ChAT-IRES-Cre x tdTomato mouse line and confirmed that they are MOC neurons using several lines of evidence. First, we co-labeled the genetically identified neurons with an anti-ChAT antibody to confirm that they were cholinergic. Next, we characterized the morphology of somata and dendrites of individual neurons from which recordings were performed using a diffusible biocytin tracer to confirm that they were larger, multipolar cells, with dorsally-projecting axons. In biocytin fills from two neurons, we traced the axon to the contralateral cochlear nucleus, the characteristic morphology of “ipsilateral” MOC neurons. Finally, we used a retrograde tracer applied to the cochlea to co-label the genetically-labeled neurons, confirming that they have axon projections to the cochlea and are therefore cochlear efferents. These mice appeared to lack genetic labeling of the more numerous group of round cholinergic neurons found in the rat in the above reference. We are not sure why there is a discrepancy between patterns of anti-ChAT antibody labeling in the above references and the genetic labeling in the ChAT-IRES-Cre mouse line that we use, but we are confident that, at least in this mouse line, the genetically labeled neurons in the VNTB are MOC neurons.
Line 515-replace "leveraged" with plain English "used" 
The text has been amended as suggested.


Reviewer #3:
Fischl and Weisz detail a novel brain slice preparation, "the wedge slice," that keeps the polysynaptic circuitry from the auditory nerve to the medial olivocochlear (MOC) nucleus intact while also optimizing conditions for targeting patch clamp recordings to MOC neurons. This novel approach will be useful for studying the input pathways to several auditory brainstem nuclei in addition to the MOC, and the approach can be readily adapted for studies in other brain regions. The protocol is elegantly written and easy to follow, and the results demonstrate successful application of the wedge slice to studying MOC inputs. I have only a few very minor suggestions for edits.
Thank you for your support of this technique, and for constructive comments to improve the manuscript.

Minor concerns:
1. Line 66: I believe SOC was not defined previously, so please spell it out here. 
Thank you, the text has been amended
2. Lines 140, 143: Verb tense - Suggest changing "The pH was adjusted" to "Adjust the pH." 
Text amended
3. Line 144: Approximately what temperature should the water be for dissolving agar? Near boiling? 
Text amended to include (near boiling)
4. Line 240: More details are provided later, but it might be helpful to provide some info here about the types of stimulating electrodes that can be used for the auditory nerve root. 
We now define the type of stimulating electrode used in our experiments in the protocol. 
5. Line 304: Does anything need to be done to make the biocytin crystal small or are the biocytin crystals present in a standard commercial vial already small enough? 
Indeed, the crystals are of varying sizes. Many of the small crystals are small enough, but larger crystals can be pinched with forceps to make smaller if necessary. Text amended to read “select a small crystal of biocytin.” (line 361)
6. Line 333: I don't believe Figure 1B is ever referenced in the main text. 
Thank you for pointing out this omission, Figure 1B is now referenced at the beginning of the representative results in line 384.
7. Line 394: I think the reference to Fig 4B should be changed to Fig 4Ci. 
Thank you, text amended
8. Figure 2: This might be a journal website issue, but the resolution of this figure was quite low, making it difficult to make out much detail. When I downloaded what I thought might be a higher resolution version of the figure, using the link at the top of the Fig 2 page in the PDF, the downloaded figure had a resolution of only 150 dpi. It would be great if this could be increased to 300 dpi for the final version. 
This is a massive file and had to be reduced quite a bit for upload to the submission site. We apologize for the poor quality of the submitted figure. For the final version, we will use the journal’s ftp server.
9. Figure 4: Minor point, totally up to the authors' preference, but it might be helpful to include small subheadings over the traces in panels B, C, and Ci. For example, "VAS stim -60 mV," "AN stim -60 mV," and "AN stim 0 mV." 
Thank you, the figure has been amended to include the panel subheadings for clarity as suggested.

Reviewer #4: 
In this manuscript Weisz and Fischl describe the method of a specialized slice preparation called the wedge slice. This preparation is basically an oblique, tapering brain slice that contains the complete cochlear nucleus on one half of the slice and a gradually thinning (to 200-500µm) slice of the contralateral side. The thin side allows visually guided whole-cell recording of genetically identified neurons. In the case presented here, medial olivo-cochlear neurons (MOC) in the superior olivary complex are investigated. The wedge slice combines the advantages of regular acute brain slices and of the thick slice technique. It contains intact excitatory and inhibitory input stages to the MOC neurons in the thick part of the section and thus allows for natural timing and dynamics of inputs when stimulated from the auditory nerve root. The authors present microscopic and electrophysiological data that convincingly shows the feasibility of the approach.

This is a very interesting und useful method that is clearly and convincingly presented in this paper. The authors not only did a good job in explaining the procedure but also in carefully evaluating the pros and cons (pharmacology, cell survival etc) of this specific method. Although the slice preparation is designed for the study of MOC neurons, it can be easily adapted to study other binaural neurons in the superior olivary complex that receive both excitatory and inhibitory inputs from the contralateral side. Thus overall the technique is of great methodological interest for cellular neuroscience in the auditory system. Furthermore I think that the wedge slice technique described here again shows the great potential of slice preparations specifically designed for a certain experiment. Naturally, most of these "specialized slice approaches" are of limited scope and thus interest for a broader community. However, in this case I think the versatility of the approach in terms of target neurons and also the growing interest in descending projection like the olivocochlear system together should be highlighted.
All in all I am quite happy with this method paper (especially when supported by the visual documentation of the procedure) and think this should be published as it is.
[bookmark: _Hlk42797344]Thank you for your support of this technique, and for constructive comments to improve the manuscript.

I have only a few minor comments:
1) The method heavily relies on the free movement of the magnetic specimen disc. As an owner of the same vibratome I do know that it is quite hard to position in any reproducible and exact manner. How do the authors control the angles? Or is this not critical for the success? I am a bit worried about the repeatability of this approach, as the authors themselves write "This step requires knowledge of the circuit anatomy, careful examination of the tissue and experience estimating and making the cut." (ll. 454-455). Can the authors give some hints what to look for and how to estimate the cutting angle? Maybe a range of angles or some landmarks or so? 
The reviewer is correct that this is a difficult task. We take advantage of the concentric circles on the stage base and use them as reference points with the edge of the specimen disc, but also need to combine this with knowledge of slice surface landmarks. We have added more detail to the manuscript to better document our procedures. The text now reads: line 138, “The concentric circles on the stage base are used to estimate the angle reproducibly.”  Line 254, “4.4. Once the slices are symmetrical, shift the stage ~15° (corresponding to approximately 3 concentric rings on the stage base) to one side.” We also added additional details regarding landmarks on the rostral cut surface of the slice and reference these landmarks in Figure 1B. Text reads: line 275 “NOTE: The facial nerve should be visible on both hemispheres of the slice on the rostral surface (see Fig 1B).”
2) In order to increase the versatility of the approach: can the authors comment on connections from the side ipsilateral to the MOC neurons under consideration, are they intact? Is the CN on the thin side largely intact or does it taper out to "extremely thin" on this side? This could be relevant for future applications of this technique to for example binaural nuclei in the SOC. 
This is a good point that we failed to highlight in the original manuscript; the wedge slice does not include much if any of the CN ipsilateral to the patched MOC neuron. This prevents dual AN stimulation protocols from being employed as in thick slices. Presynaptic axons from the ipsilateral side could still be stimulated monosynaptically while recording from MOC neurons, but without the upstream plasticity and timing that occurs in the contralateral circuitry. The text has been amended to include: line 568 “The minimal thickness of the slice on the thin side also reduces the ability to perform binaural polysynaptic circuit analyses, which are an advantage of symmetrical thick slice preparations10, 11”
3) The descriptions of Step 2 and 2.2 slightly confuse me: now, does the glue go on the brain or to the stage? Under Step 2 it says "only to the brain", but later glue is applied to the stage surface. 
We have removed text “taking care to only apply glue to the cut surface of the brain” for clarity.
[bookmark: _Hlk42798210]4) Step 7-9 seem critical to for determining the thickness of the thin part of the slice. Are the "additional few hundred micrometers" (l.223) the thickness of the thin part of the slice? Can the authors make the description of this critical step a bit more concrete? 
We agree that these are key parts of the protocol, and have added more detail. The section now reads: line 266 “Lower the blade to the desired thickness of the thin edge of the slice, here an additional two hundred microns. NOTE: The resulting slice is ideally ~300 mm thick at the level of the ventral nucleus of the trapezoid body (VNTB) on the side where patch clamping will take place.”
[bookmark: _Hlk42798283]5) l. 349: is it a fluorescently labelled strepavidin or is it a secondary antibody (IgG)? I am confused about the nomenclature. Do people call streptavidin-molecules "antibodies" as well? 
We have amended text, deleting “anti-biotin secondary antibody” for clarity. 
[bookmark: _Hlk42798353]6) l. 466: can the authors share some of the modifications of traditional slice solution they had to make in order to increase survival of the thick section?  
We do not use alternative slicing solutions. For typical slice preparations especially those using older animals, other researchers have suggested solutions based on NMDG or sucrose to reduce swelling, some with additives such as thiourea. However, we are not currently using those. We slice using ice cold solution and include 1 mM kynurenic acid in the slicing solution which we find promotes tissue health for patching. We have now noted the alterations we made specifically for the wedge slice preparation in the discussion. Text added: line 531 “Here we employ slight modifications to our normal slice preparation. These include shorter recovery incubation times (30 minutes vs. 60 minutes) and faster flow rates in the slice chamber perfusion system.”
[bookmark: _Hlk42798809]7) ll.508-512: as electrical stimulation of the nerve root will always simultaneously activate a (potentially large) number of axons I doubt that the authors will be able to mimic natural auditory nerve output very well. I think in this section it should either be explained more specifically what can be done or it should be toned down. This is really one of the major drawbacks of the in vitro approach. 
You are absolutely right that we cannot mimic true auditory nerve activity, and have modified our discussion of the benefits and limitations of our preparation. We have added text and and additional reference, which now reads: line 570 “Additionally, we are unable to stimulate the auditory nerve with sound to evoke natural patterns of circuit activity. Auditory nerve responses are tonotopically varied, jittery, and plastic 77–80, making it difficult to perfectly simulate with our electrical stimulation method. This is a major drawback of in vitro experimentation in the auditory system. We are unable to tonotopically restrict our stimulation since stimulating the entire AN root will elicit spiking in AN fibers across the tonotopic gradient. We also cannot accurately mimic the diversity of AN fiber responses (i.e. low vs. high spontaneous rate fibers to an electrical stimulus pattern. It is also difficult to precisely match the dynamic intensity coding of multiple AN fibers at the CN. However, we are able to use our electrophysiology software to produce a variety of stimulation patterns aimed to mimic appropriate auditory nerve output during different acoustic stimuli (e.g. short, loud sounds, quiet, prolonged sounds or sounds in background noise) by varying the stimulus frequency both between electrical stimulus protocols and also within an individual protocol to approximate how combined AN inputs would look (modeled in 81).“
 
 

