Replies to the Reviewer’s comments
Editorial comments
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.
Done.
2. As some authors are affiliated with UK institutions, can you please check whether open access is required by your funding agencies?
Checked, no requirement.  
3. Keywords: Please provide at least 6 keywords or phrases.
Done
4. Please rephrase the Short Abstract to clearly describe the protocol and its applications in complete sentences between 10-50 words: “Here, we present a protocol to …”
Done.
5. Please revise the Long Abstract to contain no more than 300 words. Please include a statement about the purpose of the method. A more detailed of the method and a summary of its advantages, limitations, and applications is appropriate. Please do not include references here.
Done.
6. Please define all abbreviations before use.
Done. 
7. JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols (™), registered symbols (®), and company names before an instrument or reagent. Please remove all commercial language from your manuscript and use generic terms instead. All commercial products should be sufficiently referenced in the Table of Materials and Reagents. You may use the generic term followed by “(see table of materials)” to draw the readers’ attention to specific commercial names. Examples of commercial sounding language in your manuscript are: GibCo, Glutamax, Falcon, Eppendorf, Vector Biolabs, etc.
Done.
8. Please revise the protocol text to avoid the use of any personal pronouns (e.g., "we", "you", "our" etc.).
Done.
9. Please revise the protocol to contain only action items that direct the reader to do something (e.g., “Do this,” “Ensure that,” etc.). The actions should be described in the imperative tense in complete sentences wherever possible. Avoid usage of phrases such as “could be,” “should be,” and “would be” throughout the Protocol. Any text that cannot be written in the imperative tense may be added as a “Note.” Please include all safety procedures and use of hoods, etc. However, notes should be used sparingly and actions should be described in the imperative tense wherever possible. Please move the discussion about the protocol to the Discussion.
Done.
10. 1.2.1: Please specify the age, gender and strain of mouse used.
Done. 
11. 1.2.2: Please specify all surgical tools used.
Done.
12. 3.1.4, etc.: Please revise the Protocol steps so that individual steps contain only 2-3 actions per step and a maximum of 4 sentences per step. Use sub-steps as necessary.
Done
13. Section 4: Software steps must be more explicitly explained ('click', 'select', etc.). Please add more specific details (e.g. button clicks for software actions, numerical values for settings, etc.).
For our analysis, we utilize home-written code rather than built-in modules. The detailed steps of the data processing are therefore relevant only to our macros. A compromise solution that we propose is to describe the algorithm that any researcher would be able to implement using his/her software of choice.  
14. Please include single-line spaces between all paragraphs, headings, steps, etc.
We have set the paragraph interval to 12 pt.
15. After you have made all the recommended changes to your protocol (listed above), please highlight 2.75 pages or less of the Protocol (including headings and spacing) that identifies the essential steps of the protocol for the video, i.e., the steps that should be visualized to tell the most cohesive story of the Protocol.
Done, gray highlight.
16. Please highlight complete sentences (not parts of sentences). Please ensure that the highlighted part of the step includes at least one action that is written in imperative tense. Notes cannot usually be filmed and should be excluded from the highlighting. Please do not highlight any steps describing anesthetization and euthanasia.
Done.
17. Please include all relevant details that are required to perform the step in the highlighting. 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 highlighted.
Done.
18. Please upload each Figure individually to your Manager account as a .png, .tiff, .pdf, .svg, .eps, .psd, or .ai file.
Done.
19. Please revise either the figures or their corresponding figure legends so they match. For instance, please add/revise panel labels A-D according to the figure legend of Figure 1.
Done.
20. Please revise the Table of Materials to include the name, company, and catalog number of all relevant supplies, reagents, equipment and software in separate columns in an xls/xlsx file. Please sort the items in alphabetical order according to the name of material/equipment.
Done
21. References: Please do not abbreviate journal titles.
Done.
Reviewers' comments:

The language in the manuscript is not publication grade. Please employ professional copy-editing services.
Done.
Please note that the reviewers raised some significant concerns regarding your method and your manuscript. Please revise the manuscript to thoroughly address these concerns. Additionally, please describe the changes that have been made or provide explanations if the comment is not addressed in a rebuttal letter. We may send the revised manuscript and the rebuttal letter back to peer review.
Done
Reviewer: 1
[bookmark: _Ref499575266]Manuscript Summary:
The recording of intracellular free Ca in pancreatic cells is a widely used approach but current users and potential ones should benefit from the experience and insights provided in this manuscript. The authors provide both an overview as well as particulars regarding recording cellular calcium levels of islet subpopulations using wide field or confocal microscopy and include such details as to how to make islets, express sensors, set up appropriate sampling etc.
We thank the Reviewer for his/her kind words. 
We are afraid though that the Reviewer may be viewing our mission as detailing the protocols for single-cell Ca2+ imaging. Whilst we fully agree with the majority of his/her points for the single-cell mode, we need to note that our protocol aims at the populational (100-1000… cells) recording. This is the case when the mechanisms are known but the behavior of a certain small subpopulation is an unknown variable. We have rewritten the Introduction to underline this point.   

Major Concerns:
1. The authors need to include some better data examples such as recordings showing clean Ca oscillations from mouse islets, comparisons between human and mouse recordings, comparisons between dye and genetically encoded sensors and discuss the limitations presented using probe signals that cannot be converted to absolute free Ca concentrations.
We have now included an explanation on why we focus on recordings with low sampling interval and low signal-to-noise. Although a better recording on a single cell/group of cells is perfectly attainable, scaling the recording up to a population of 100s or 1000s cells always results in a loss of the temporal resolution or the SNR. This effect, known among in the field as the “there is no free lunch in imaging” law is based on the quantal nature of the detectable signal. We reflect this point in the text now, too.  
2. No discussion of analysis of oscillation plateau fraction is included, which is a weakness but which will require recordings (as in point 1) that show clear and clean oscillations.
Per classical definition of plateau fraction as the ratio of time spent in the active phase to the total burst period (emanating from early microelectrode recordings of the islet electrical activity1): neither α-cells2, nor δ-cells3 display the β-cell-like bursting pattern, i.e. there is no plateau in their electrical activity. 
Per the plateau fraction in the analytical sense, which we view as an “extension” of the statistical open probability concept used to characterize ion channel kinetics: we have implemented this into our analytical routines now and present the results in Fig 4B,F.    
3. No discussion is provided as to how to identify biologically relevant signals vs. noise, as in Fig. 1a.
Thank you for pointing out this omission! Former Fig 1A (current Fig 1A-C) presents loading of the dye (Fig1A) and expression of the recombinant sensor (Fig1B,C). The “noise” present in the images is the second fluorescence channel, polar tracer SRB, which we used to outline cells within the islet. We explain this point now, in the figure legend.  
4. While it is appreciated that an inherent difficulty with an article of this type is the wide variety of approaches and equipment out there in use, some details about sampling rates, Nyqvist Criteria, binning, choice of best objectives to use, and statistics might help especially new users.
We spell out now that the Nyquist criteria discussion is not applicable in our case (all the recordings are inevitably substantially undersampled as we are dealing with large field-of view experiments). We added more details on objectives too, although we state that the goal can be achieved by a range of optics.  
5. The authors' opinion that AUC is best to report is their opinion; this measurement lumps changes in amplitude with frequency and has limitations regarding underlying mechanism. I also doubt that measuring spike frequency is the best one can do to represent data; they should show examples to prove that.
We agree with the Reviewer regarding the limitations of the pAUC: it is (by definition) unable to differentiate between different mechanisms of Ca2+ elevation. However, for effect with known mechanism but unknown populational picture (such as Ca2+ dynamics in 100s of islet cells), pAUC proved to be most robust. That is, a metric that allowed reliable comparison between different recordings without a substantial recording-to-recording variation in the basal/control values.    
We have to politely note that we believe AUC to be a fairly confusing characteristic, which is frequently used on a liberal time interval, in biomedical research. We therefore suggest to use this metric on a per-time basis, i.e. as a partial or interval area under the curve.
6. More details are sorely lacking in the figure Legends, especially regarding the images shown and the heat maps.
Thank you for pointing this out, the figure legends have been revised.
7. The paper has many errors of English usage and odd phrasing here and there and will require thorough re-editing.
Done.
 

Reviewer: 2
The manuscript discusses islet isolation, and calcium imaging with a focus on the minor cell populations that secrete glucagon and somatostatin rather than insulin. It describes chemical dye, and protein based imaging strategies with subsequent image analysis. In general it is understandable, and a fair reflection of how to do this technique, but there are times when syntax is confusing, or articles (the/an) are used incorrectly or omitted where they should be present. These should be possible to fix at copy-editing.
We thank the Reviewer and apologize for omission of the articles. Personally, we do not see much point in using them but welcome JoVE to correct this misconception of ours at the copy-editing stage.
Major Concerns:
1. Dyes such as Fluo4 have significant toxicities (Smith NA, Kress BT, Lu Y, Chandler-Militello D, Benraiss A, Nedergaard M. Fluorescent Ca(2+) indicators directly inhibit the Na,K-ATPase and disrupt cellular functions. Sci Signal. 2018;11(515). Epub 2018/02/01. doi: 10.1126/scisignal.aal2039. PubMed PMID: 29382785.) some of these will be relevant to the islet, this should be discussed.
Thank you. We cite/discuss the paper now. Overall, we believe the effects presented by Smith NA et al could result from overloading and other ‘collateral damage’ that loading can do (such as interaction of pluronic acid with cell membrane). Having measured the membrane potential using perforated-patch alongside imaging cytosolic [Ca2+] using Fura-Red4, we doubt that the effects reported by Smith NA et al are significant in our system.
2. The reason why GECI's cannot be imaged rapidly is not explained - protein expression (related to viral infection) and chromophore maturation are both limiting factors. A general overview of FP's/GECI's might be helpful to include as most published literature uses chemical dyes suggesting this tool set is not widely known among islet biologists, a broad reference eg DOI: 10.1016/j.tibs.2016.09.010, might be worth including. If there are consequences for islet biology due to "de-differentiation" in culture over this time period these issues should be discussed.
We thank the Reviewer for this reference which has now been cited in the text. We have been actively using GECI as well as recombinant sensors for other analytes for over 10 years by now (the outputs having been published since 2012 – pubmed Tarasov AI[au]) and do our very best to popularize this toolset within the ‘islet’ community.   
3. The claims made about red GECI's (line 103-105) not working in tissue imaging because of low SNR seems difficult to reconcile with their imaging characteristics (red light is better for this than green light). The authors suggest single cell data is good, and the only example I could find (Chang YF; Broyles CN, Brook FA; Davies MJ; Turtle CW; Nagai T & Daniels MJ. Non-invasive phenotyping and drug testing in single cardiomyocytes or beta-cells by calcium imaging and optogenetics. PLOSone, 2017, 12, e0174181.) certainly appears to support that view. As far as I know there is no comparative SNR study on the utility of the GECI's in single cells or islets.
As dyes appear hazardous (point 1), and proteins offer an under-utilitzed alternative (point 2) I think it would advantage this manuscript if a simple table catalogued the GECI, the cell type/islet, publication reference, and commercial supplier (if relevant) used in this field.
Thank you, we accept this correction and have rewritten the Introduction accordingly. 
We have to politely decline the request for presenting the catalogue of successful uses of recombinant sensors with islet cells as we believe this goes beyond the scope of our de facto protocol paper. We prefer focusing on our findings/developments. 
4 Would it be possible to show "Before" and "After" examples of successful (and unsuccessful) baseline corrections. This is very challenging for novices to understand, and because of the fluctuation in signal due to calcium itself can be difficult to do. Islet samples from humans are precious so every effort must be made not to discard data, but sometimes it is impossible to adequately correct for bleaching/sample drift and including examples that can't be analyzed would be helpful I believe. In particular baseline corrections that produce drifts up, or continued drifts down should be shown. As the authors point out, peak counts may still be possible in these samples, but AUC analyses might not be.
Thank you for the suggestion. We are providing the examples of baseline correction now (Fig 3).
Having screened human islet performance from around 100 donors within last 7 years, we have to politely disagree with the Reviewer’s point regarding inclusion of as many samples as possible, from human material. In ‘real world’, the main impact on the experimental performance of human islet preparation (in terms of glucose sensing) is made by the isolation procedure, which is understandably complex/prolonged in this case. Every well-isolated human sample is indeed very precious – but samples like that are just as good as their mouse counterparts, i.e. do not require any special effort in terms of data extraction, please see examples5,6. Despite being very much capable of extracting/counting peaks from essentially any sample, independently of bleaching (as shown in Fig 3), we naturally oppose any manipulation that may generate artefacts. We regard any published work on human tissue that fails to present high-quality raw data as potential fraud and have added a cautionary statement in the Discussion now.     
5 Some effort is made to discuss alternative wide-field or confocal imaging approaches but the main point I feel is missed, and the resulting message is confused.
Widefield imaging with deconvolution is better than confocal imaging for thin, dim samples. In this case there is sample thickness and confocal detectors are therefore preferable. However confocal line scanning illumination is relatively high power (causing photobleaching, and phototoxicity), slow, and historically offers much lower detector sensitivity than the widefield equivalents. It is probably beyond the scope of this article to go into the solutions to these problems, but suffice it to say that they can be overcome by different equipment configurations.
I would try and steer away from what at times is quite a poorly constructed discussion about the two approaches and keep this simple and describe in a little more detail the imaging apparatus used in this study (as a minimum this should be microscope stage (supplier, model), light source - (type, wavelength and power density at the sample), objective lens (supplier, magnification, numerical aperture) - filters (excitation, dichroic and emission filters), and detector apparatus (make, model, QE for the emission used, frame rate, imaging duration), so that people know what technical requirements are needed if they try to do this. Of course it will always be possible to go bigger, better, faster, and more, but describing a "minimum specification" might be helpful.
The discussion lines 445-456 is a sufficient overview of various imaging technologies that might be acquired by aficionados, but I suspect that these will not be the principle readers of this article, so I would adopt a more simple, didactic approach based on what was used by the authors.
We have to point out that we are not talking about high NA wide-imaging and deconvolution. The choice is between high-NA confocal (that provides superior spatial resolution but smaller field of view) and low-NA wide-field (that has much larger field-of-view and in principle does not require any deconvolution, as the depth of focus is much larger, which attenuates the cross-contamination). In our hands, the confocal with NA>0.75 is perhaps more sensitive than the wide-field AxioZoom.V16 (NA=0.57, zoom factor=6) but the latter provides a 100x larger field-of view. We do not believe there is much point in using high NA wide-field for tissue imaging as the deconvolution option is not going to help here. 
 We agree with the main points regarding the comparison of confocal vs wide-field imaging options – perhaps apart from exceptional phototoxicity/photobleaching of the confocal mode. We have re-written the discussion to reflect the point above and added the specification of the imaging systems into the materials worksheet.
Minor Concerns:
6. Nomenclature - GCaMP not GCamp, Ca2+ not always superscripted 2+,
Corrected, thank you.
7. Collagenase or Liberase - is there a preferred supplier or batch?
We agree that batch-to-batch activity variation may become a critical issue when islets from older animals (including human donors) are isolated. This is less the case for <26 week old mice, which are used in our work. We therefore provide an optional advice to test the reagent activity and refer to a protocol focused on islet isolation7.
We have deleted all the references to collagenase: although we have an experience of using it, mentioning two enzymes complicates the protocol.
8 How to aspirate the isolation solution - this is not described (line 153)
Thank you, added “Aspirate gently, with a 10 mL serological pipette.”
9 Is the RPMI supplied with Phenol Red? - Phenol red free alternatives are available that improve the ability to see red signals
Yes, RPMI has Phenol Red and this is a correct point for routine monitoring of the cultured tissue. We do not use RPMI as an imaging solution though; our imaging solution is indicator-free.
10 What is "imaging solution" this is not defined - 2.3.1 (line 179)
Thank you, added now.
11 standard abbreviation for numerical apperture is NA not n.a. (line 248)
Corrected, thank you.
12 dye loading - "overloading" examples might be helpful for the novice (section 2.4.5)
13 viral transduction - unacceptable cell morphology examples (line 208) may help the novice.
We provide a description of the typical signs that could indicate problems.  
14 Perfusion (not perifusion) throughout.
We do distinguish between the two terms above and believe that true ‘perfusion’ is achieved when blood capillary system is used (such as in pancreas perfusion technique). To avoid confusion, we use ‘perifusion’ whenever the solution is supplied just outside of the islet and not forced/or facilitated through. We do agree though that the solution does go through the islet in this case, too, but this happens via diffusion. We suggest to leave as is and omit the reasoning above from the text, for the sake of brevity.
 

[bookmark: _Ref499136390]Reviewer: 3
Manuscript Summary: This is a nice paper from a strong group of scientists that will be helpful to islet physiologists. I was unable to see the accompanying video to judge it.
Thank you. As far as we are aware the protocol video has not been produced yet but propose the videos of Ca2+ dynamics instead, as a “starter” (may not playback in the browser but can be downloaded).
Mouse islet , fluo-4: https://www.dropbox.com/s/77dzss8zehd5ig4/mouse_islet_fluo4.gif?dl=0
Mouse islet, GCaMP3: https://www.dropbox.com/s/96kwqag4lwraxjy/Ca_oscillations_mouse_islet.gif?dl=0
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