

Dear Dr. DSouza,
[bookmark: _GoBack]We thank the reviewers for their constructive comments and suggestions that have allowed us to address specific concerns and provide further clarifications of the protocol and representative data. We believe that the revised manuscript has significantly benefited in terms of clarity and scientific rigor. As per the reviewers’ suggestions, we elected to replace the RS1 KO mouse with a different mouse model with a known RPE defect (conditional knockout of miR-204 in the retinal pigment epithelium). The data presented is complementary (unpublished data) to a previous publication on miR-204 null mice (global KO model). Track changes has been removed since text outside of the basic protocol had to be completely rewritten. We also revised the data analysis section to include a new compiled version of the MATLAB script file that we included previously.  This executable file can perform the DC-ERG data analysis without requiring programming knowledge or the need for a MATLAB license. We’ve also added the ability to export the measured DC-ERG values to an excel file. Below are the point-by-point responses that address each of the reviewer’s comments.   
Josh Miyagishima 

Editorial Comments:

• Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammatical errors.

Spelling and grammatical errors have been corrected.  

• 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.

An additional paragraph has been added to the introduction:
The retinal pigment epithelium (RPE) is a monolayer of specialized cells that line the posterior segment of the eye and exert critical functions to maintain retinal homeostasis 1. The RPE supports photoreceptors by regenerating their photon-capturing visual pigment in a process called the visual cycle2, by participating in the diurnal phagocytosis of shed outer segment tips 3, and in the transport of nutrients and metabolic products between photoreceptors and the choriocapillaris 4,5. Abnormalities in RPE function underlie numerous human retinal diseases, such as age-related macular degeneration 6, Leber’s congenital amaurosis 7,8, and Best vitelliform macular dystrophy 9. As donor eye tissues are often difficult to obtain solely for research purposes, animal models with genetic modifications can provide an alternative way to study the development of retinal diseases 10,11. Additionally, the emergence and application of CRISPR cas9 technology now permits genomic introductions (knock-in) or deletions (knock-out) in a simple, one-step process surpassing limitations of prior gene targeting technologies 12. The boom in the availability of new mouse models 13 necessitates a more efficient recording protocol to non-invasively evaluate RPE function.

• 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. Examples NOT in the imperative:
1) 4.1,4.2, 4.3, 4.4, 4.5, 4.6, 4.8 etc

Changes to the protocol have been made to ensure that it is written in the imperative tense. 

• References: Please spell out journal names.
The Journal names have been manually typed out - JOVE has not submitted the updated required format to endnote (last update July 2017).   

• Commercial Language:JoVE is unable to publish manuscripts containing commercial sounding language, including trademark or registered trademark symbols (TM/R) and the mention of company brand names before an instrument or reagent. Examples of commercial sounding language in your manuscript are Multifocal Diagnosys, Espion E3 System with ColorDome Ganzfeld Illumination, Vacu-Guard, GenTeal Gel,

1) Please use MS Word’s find function (Ctrl+F), to locate and replace all commercial sounding language in your manuscript with generic names that are not company-specific. All commercial products should be sufficiently referenced in the table of materials/reagents. You may use the generic term followed by “(see table of materials)” to draw the readers’ attention to specific commercial names.
All commercial names have been removed from the manuscript and are referenced appropriately in the table of materials/reagents.  

• 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]."
 
All data presented is unpublished.  


Comments from Peer-Reviewers: 

Reviewer #1:
Manuscript# JoVE61491 entitled "Direct coupled electroretinogram (DC-ERG) for recording the light-evoked electrical responses of the mouse retinal pigment epithelium" by Miyagishima et al. is to be a JoVe produced video demonstrating the DC-ERG procedure on mice using the Espion Diagnosys system with tips for reducing noise and drift.

This procedure was pioneered for use routine use on rodents by Dr. Neal Peachey and Dr. Alan Marmorstein in the early 2000s utilizing a homemade ERG system adapted to measure the slowly-developing light-evoked potentials from the RPE. Use of their procedure in mice was published in detail in 2004. Here it seems that the authors want to provide their protocol files for use with the Diagnosys machine and demonstrate the procedure with the addition of how to make and optimize the electrodes. The authors do a nice job of providing a step by step guide for the procedure and including the protocol and analysis files, however, a few important concerns were identified:

1. The summary and abstract should explain that the methodology is not novel and was previously published using either a "home-made" ERG machine (Samuels et al 2010; Wu et al 2004) or the Diagnosys machine (Samuels et al 2015). Application of the improvement techniques to the making of the electrodes with the Espion Diagnosys machine is the novel part of the manuscript/video.

The authors thank the reviewer for their rightful assessment that the methodology was pioneered by the likes of Dr. Alan Marmorstein, Dr. Neal Peachey, Dr. Jiang Wu, Dr. Ivy Samuels, and others that developed the technique for use in mouse and rat models.  Special acknowledgement of this fact is now included in the summary and abstract and additional references will be included in the introduction where it is described that this protocol is adapted from their previous work.       
Summary: Page 0, Lines 33-34 “This technique was first described by Marmorstein, Peachey, and colleagues in the early 2000s.”
Abstract:  Page 1, Lines 48-50  “The methodology behind the DC-ERG was pioneered by Marmorstein, Peachey, and colleagues using a custom-built stimulation recording system 14,15 and later demonstrated using a commercially available system 16.”
Introduction: Page 1, Lines 85-87.  “This protocol describes a method adapted from the work of Marmorstein, Peachey, and colleagues  who first developed the DC-ERG technique 14-17 and improves upon the reproducibility and ease of use.”         

2. Figure 2A, it is unclear from the picture what the difference between noise and drift is. It would benefit to show the examples in separate windows.
We agree with the reviewer and now include two separate windows depicting noise and excessive drift in Figure 2A (top panel, bottom panel).
[bookmark: _Hlk37753319]3. Line 224-225 Please provide an additional explanation for the statement "These defects in the retinal response are expected to be reflected in the electrical response of the RPE" as a reason to utilize the RS1 KO mouse for this manuscript. If the purpose is to show differences in RPE function, it seems more appropriate to use a mouse where the dysfunction is already published, or AT LEAST one where there is RPE degeneration or a known defect should be utilized as an example. Use of the RS1 mouse has given unclear results, that have not yet been published, and the authors also not seem to include an actual waveform trace from the RS1 mouse in the results. There are many mice with photoreceptor defects that do not present with abnormal RPE function. A mouse with altered RPE function such as the CFTR mutant (Wu et al 2006 PMID: 16626699) would be a more appropriate choice. Furthermore, any reduction in the c-wave or other dc-ERG components could be reflective of photoreceptor dysfunction. (See Ziccardi et al 2012 PMID: 22993419). The dc-ERG components should be normalized to the a-wave - and both should be shown in the manuscript/video.

The authors thank the reviewer for their suggestion to use a mouse model where RPE degeneration is a known defect.  We have removed data pertaining to the RS1 KO mouse and have replaced it with a conditional KO of miR-204 in the RPE. There are several papers published on miR-204 and its essential role in maintaining the RPE epithelial phenotype along with its direct impact on Kir7.1 (inwardly rectifying potassium channel) expression 18,19.  Reduced KiR-7.1 expression on the apical membrane of the RPE will directly repress the RPE electrical response (c-wave).  New figures are now provided that include the averaged a-wave and b-wave traces and the corresponding response intensity curves.  Additionally, we now provide the DC-ERG traces for both WT and the KO. The amplitudes of the DC-ERG components are also included normalized to the a-wave amplitude.  
4. For whatever mutant mouse is to be used, at least one representative dc-ERG recording from it should be shown, along with the corresponding strobe-flash ERG and a-wave analysis.

As mentioned in 3.  We have updated the figures to include a representative DC-ERG recording from the mutant and WT (Figure 2B, Figure 2C, Figure 2D) along with the corresponding dark-adapted strobe flash ERG (Figure S1 A-E) and a-wave analysis (Figure 2F-H).  
[bookmark: _Hlk37753974]
Reviewer #2:
Manuscript Summary:
The authors provide a protocol for recording the dc-ERG from mice using a commercial device that is available in many labs. The dc-ERG provides a useful assessment of RPE function, as the late ERG potentials arise reflect RPE activity. Although very few labs use this technique, providing the programming and analysis tools may allow that to change.

Major Concerns:
The inclusion of the retinoschisin mutant as an example mouse is strange. The RS1 protein is not expressed in the RPE and RPE dysfunction has not been attributed to the mutant not to retinoschisis patients. Thus the reduction of the dc-ERG components reflects the loss of photoreceptor activity that is ultimately the signal that drives this response (i.e., not light).

Recommend that this either be focused on wild type mice only, or (preferably) that a bona fide RPE mutant be incorporated. Such mutants re available from Jackson Labs, and have been published by Patsy Nishina.

We thank the reviewer for their comments regarding the RS1 KO mouse and have elected to replace this model with a conditional KO of miR-204 in the RPE.  The RPE deficit of this mutant has been well established 18,19, and as the reviewer pointed out, provides a better example of the utility of the DC-ERG technique.  

Minor Concerns:
Note that Alan Marmorstein co-developed the more recent use of dc-ERG to study mutant mouse models.

We are thoughtful for the reviewer’s concern and have now made every effort to acknowledge the work of Marmorstein, Peachey, and colleagues in the Summary, Abstract, and Introduction for pioneering the DC-ERG technique to study mutant mouse models.  
Reviewer #3:
Manuscript Summary:
The manuscript by Miyagishima et al. titled "Direct coupled electroretinogram (DC-ERG) for recording the light-evoked electrical responses of the mouse retinal pigment epithelium" gives a detailed description of experimental materials and protocols to measure in vivo DC-ERG responses to a step of light following method described earlier by Peachey et al. 2002 and Wu et al. 2004 with some minor changes that are expected to improve stability and quality of recordings. In general methods are described in detail and provide a detailed account that should allow those who have performed traditional in vivo ERG before to adapt their Diagnosys in vivo ERG system for DC-ERG recordings revealing something about the functional state of RPE cells in live mice. I have some critique and suggestion listed below that can hopefully improve the manuscript. Unfortunately, due to current pandemic, I'm not able to verify the details of Diagnosys software instructions and I do not have Matlab software installed for evaluation of the scripts provided in this manuscript.

Minor Concerns:
1. Authors could explain explicitly rationale and benefits for using glass electrodes filled with HBSS solution as compared to standard e.g. gold loop electrodes. Comparison data would help to demonstrate the necessity/benefits.
Glass electrodes filled with HBSS maintain lubrication of the mouse’s eye and prevent corneal dehydration that would occur with the use of standard gold loop electrodes.  This explanation will now be included in the text (Page 3, Lines 161-162).    

2. This reviewer did not see instructions for preparing or purchasing HBSS.
The HBSS used is commercially available and is included in the materials list (including the catalog #).  We will include a note in the text referencing the Table of Materials to make sure this is clear.    

3. 3.5 does not seem to clarify the detailed filling method (perhaps it is in 3.6 but as 3.5 reads now is somewhat confusing).
We thank the reviewer for their request for clarity and have made the following edits to 3.5 to make this point clear.  
Page 3, Lines 140-141:  “3.2 Pour 30 mL of HBSS (Table of Materials) into an open 50 mL conical tube and place it (with the cap removed) into the vacuum chamber.”  
 
4. 4.5, could authors quantify what would be a normal/acceptable drift. How much this drift increases or does it stay the same when electrodes are connected to the mouse?
We appreciate the opportunity to address the reviewer’s comments.
Page 4, Lines 206-211 have been added to section 4.5 
“The amount of drift observed when the electrodes are placed in the HBSS bath is generally less than 500uV/80s once they have stabilized and is equivalent to the drift observed when the electrodes are connected to the mouse. Thus, the electrical readout of the electrodes in the HBSS bath are an important indicator of the status of the electrodes. The noise, measured as peak-to-peak, is generally ~ 10-15% greater in the mouse than in the HBSS bath. This is probably due to the addition of motion artifacts from breathing.“   

5. 3.5 - 3.7 refers to electrode holders but do not refer to anything in terms what they are. Detailed instructions or better magnified picture of the mounting system for electrodes would help.
We apologize for the lack of clarity. We now include a detailed schematic of the mounting system for the electrodes as an inset in Figure 1a and added a description to 3.7.
Page 3-4, Lines 173-183:  “3.7 Install and secure the microelectrode holder into the custom-made T-clip/Magnetic ball joint stand (Figure 1A, inset). The placement of the electrode holders and recording electrodes on the stage are facilitated by the use of a custom microelectrode holder stand that consists of a T-clip (5/16”-11/32” OD Tubing) #8 (Table of Materials) that has been modified by removing the black polyacetal clips on one side. The cylinder base of the magnetic ball joints (Table of Materials) are cut in half to adjust the height. The modified T-clips are secured to the magnetic ball mounting screws with M3 sized nuts. The microelectrode holder fits within the modified T-clip and is held tightly in place by sliding in approximately a 1-inch tapered wooden handle made from breaking a Cotton Tipped Cleaning Stick (Table of Materials) at an angle. This customized electrode holder stand utilizes a rare earth magnet that can be securely positioned on the metal plate on the stage and enables 360 ° rotation on a 180 ° axis. “   
[bookmark: _Hlk37754012]
6. Rationale for selecting RS1 KO mouse for this study is not clear. Wouldn't it be better to have a mouse model with an RPE-specific defect. The interdependence between light-evoked activity in the neural retina with RPE component is very complicated and complicates interpretations of the signal. Authors didn't show a- and b-waves for comparison measured in the same system.
We thank the reviewer for their comments regarding the RS1 KO mouse and have elected to replace this model with a conditional KO of miR-204 in the RPE (see new Figure 2).  The RPE deficit of this mutant has been well established 18,19, and as the reviewer pointed out, provides a better example of the utility of the DC-ERG technique.  We also include the a-wave and b-waves for comparison measured on the same system (Figure S1).  

7. Is it possible to quantify how much the vacuum-treatment of HBSS decreased noise or drift or occurrence of air bubbles.

The occurrence of bubbles is greatly suppressed with the use of vacuum.  Prior to making the changes detailed in our DC-ERG protocol our rate of obtaining a successful recording was ~ 25%.  After making these changes our success rate has improved to > 75%.  Previously the high failure rate was primarily due to bubbles accumulating in the electrode creating unwanted drift when the bubbles moved along the capillary or increased noise when they altered the impedance.  Now the few failed recordings are almost all directly attributed to the health and status of the mouse under anesthesia (e.g. respiratory distress) or whether the eyes are even suitable for recording (e.g. prior visually significant cataract).
[bookmark: _Hlk37754066]
Reviewer #4:
The manuscript by Miyagishima and colleagues describes a method for obtaining DC-ERG recordings from mouse eyes for studying the light-evoked electrical responses generated by the RPE. While ERGs are widely used to study the electrical activity of the retina, primarily photoreceptors and bipolar cells, it is rarely applied for investigating the function of RPE cells. This is mostly due to the rather slow RPE response, compared to the neural retina's response, which necessitates prolonged light stimuli and long recordings prone to noise and instability. The authors describe in detail their recording method, with emphasis on preparing recording electrodes under vacuum to reduce bubbles. They also mention the use of voltage regulator/power conditioner to minimize power line artifacts. The authors provide an example of the type of data that can be generated by this method using wild type control and retinoschisin (RS1) knockout mouse, demonstrating the type of RPE phenotype that can be observed with DC-ERG recordings.
Overall, this is a worthy contribution that provides sufficient level of technical detail and experimental insight to serve as a reference to people interested in implementing this technique. Several issues should be addressed to improve the strength of the manuscript:

Substantive issues:
- Can bubbles be eliminated by the use of 1% Agar gel bridge in the recording electrodes instead of vacuum? This is a widely used method in suction electrode recordings that works well for preventing bubble formation.
This is an interesting idea brought up by the reviewer.  I’ve used agar bridges quite extensively for suction electrodes recordings in the past. Although they themselves will tend to dry out with time, this could be overcome by storing them in HBSS between mice or while the conventional retinal ERGs are being recorded with the gold loop electrodes. However, there are two advantages to using HBSS.  One advantage is that it prevents the cornea from dehydration.  Even with the eye lubricants added prior to the recording the eyes still tend to dry out. Secondly the HBSS maintains the electrical connection by capillary action which can overcome slight motion (animal breathing) whereas the agar bridge would likely lose contact as the eye lubricant dries.      
- Can the authors comment of the rationale for using 10 cd/m2 light intensity? Can other dimmer/brighter intensities also be used? Can additional information be extracted from the use of various light intensities?
We have previously estimated that 10 cd/m2 for 7min would bleach approximately ~ 10%-11% of the rod photoreceptors 19.  In isolated mouse rods a 10% bleach is expected to reduce the photocurrent by 50% 20, and notably decrease the potassium concentration in the subretinal space (e.g. 5mM to 1mM 21).   
We select 10 cd/m2 because in WT mice it evokes approximately half the size of the maximal response for all the components of the DC-ERG. 22 Of particular interest are the c-wave and fast oscillation of which the origins of these responses are well characterized and can then be isolated and studied further in invitro RPE models (e.g. iPSC-RPE).  As the reviewer pointed out using other light intensities can extract additional information, for example the Off response undergoes a reversal of polarity at brighter light stimuli and may show differences at the point at which this reversal takes place. The user is free to change light settings at their discretion.      
This information is added to the text on page 2, Lines 103-112.

- Can the authors comment on the rationale for using a step of light of 7 min duration over longer and shorter light stimuli? Can shorter light steps be used and why or why not?
We thank the reviewer for requesting an explanation and would like to draw their attention to a paper by Steinberg and colleagues where they used microelectrodes to perform in vivo, intraretinal and intracellular recordings of the RPE’s electrical responses 23.
Here the authors’ use 5 min of illumination and show that the apical membrane potential (Vap) tracks the change in K in the subretinal space.  There is a rapid hyperpolarization as the K in the subretinal space drops (in response to photoreceptor activity) and then repolarizes as K reaccumulates to a new steady state in light. This corresponds with K as the main contributor to the c-wave.  However, the basal membrane potential (Vba) is slower to hyperpolarize and the subsequent depolarization (attributed to the light peak substance) takes the entire 5 minutes to return to 90% of the baseline level (prior to light onset).  To record the full extent of the light peak the DC-ERG recording would have to be long enough to allow for the full depolarization of the basal membrane which would be greater than 5 minutes. Thus, a 7 minute light step duration would be more than sufficient time to measure the Light peak for most mouse models where the light peak may be slower or faster than anticipated. Longer light steps do not add additional information and are also not practical because the length of the recording is already an obstacle.        

- The abstract mentions the use of a voltage regulator/power conditioner to minimize power line artifacts and noise. However, this issue is not discussed other than being mentioned in the Modification and Troubleshooting section. Can the authors demonstrate how the quality of the recordings is affected by a power conditioner by providing an example of recordings with and without its use?
The voltage regulator/power conditioner is most useful at eliminating large DC offsets introduced to the baseline of the recording by the switching of power supplies in adjacent rooms.
We have now included an example of a recording where this takes place with and without the power conditioner in place (Supplementary Figure 2).  The initial spike is still visible even with the power conditioner, but the DC offset is removed enabling the components of the DC-ERG to still be measured.  

Minor issue:
- Page 3, line 170: For consistency with the rest of the section, "A drop of GenTeal Gel was placed…" should probably be "A drop of GenTeal Gel is placed…"

We thank the reviewer and have made the suggested editorial change under the Journal’s policy to have the procedures written in the imperative:
(Page 5, Lines 236-237) “Place a drop of lubricant eye gel on each eye to maintain conductivity and prevent desiccation during the recording. “    

Reviewer #5:
Manuscript Summary:
This manuscript describes a protocol to quantify changes in c-wave function which are a direct reflection of the RPE function. The protocol is described in sufficient details for an individual with basic knowledge of electroretinography to follow.

Major Concerns:
This reviewer has no major concerns.

Minor Concerns:
The text would benefit of some grammar editing to improve the clarity of the text.
 We thank the reviewer and have proofread the manuscript for grammatical errors in an effort to improve the clarity of the text.  
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