Dr. Vineeta Bajaj
1 Alewife Center, Suite 200 
Cambridge, MA 02140
jaydev.upponi@jove.com	

Dear Dr. Bajaj,

Thank you for the opportunity to revise our manuscript, titled “Techniques for feeding and quantifying animal-derived blood and artificial meals in Aedes aegypti mosquitoes” as part of "The study of mosquito biology" methods collection. 

We appreciate the careful review and constructive suggestions, which have substantially improved our manuscript after making the suggested edits. 

[bookmark: _GoBack]The reviewers major suggestions were to focus on fewer examples to clarify the objective of the methodologies presented. We agree, and have now removed former Figures 6A and Figure 7. These changes simplify the protocol by removing the multiple saline meal formulations and redundant examples of applications of the method. We have edited highlighted sections for filming to focus only on the critical steps to clarify the protocol.

Our responses to all of the editors’ and reviewers’ comments are found in the rebuttal document below.

The resulting modifications and edits have greatly improved our original paper and we hope that yourself and the reviewers find them appropriate. Thank you for your consideration. 

Thank you for your assistance in handling our submission.


Sincerely,
[image: ]


Laura B. Duvall, Ph.D.






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

2. Please format the manuscript as: paragraph Indentation: 0 for both left and right and special: none, Line spacings: single. Please include a single line space between each step, substep and note in the protocol section. Please use Calibri 12 points

3. JoVE cannot publish manuscripts containing commercial language. 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.
For example: Hemotek, Hemotek Limited, Great Harwood, UK, etc.
Response: Thank you for this note. We have replaced all commercial language from the manuscript with general terms.

4. Is Glytubes commercial? If yes, please use generic term throughout.
Response: ‘Glytubes’ is not a commercial term – it is the term given to the device by authors in their original publication, Costa-da-Silva et al., (2013).

5. We cannot have non numbered steps in the protocol. Please adjust the numbering of the Protocol to follow the JoVE Instructions for Authors. For example, 1 should be followed by 1.1 and then 1.1.1 and 1.1.2 if necessary.
Response: All steps of the protocol have been numbered according to the outlined format.

6. Please include an ethics statement before your numbered protocol steps, indicating that the protocol follows the animal care guidelines of your institution. This is required for the use of animal derived blood meal.
Response: This is an important point - we did not harm animals during these experiments and we have added an Ethics Statement. 

7. Please add more details to your protocol steps. Please ensure you answer the “how” question, i.e., how is the step performed?
Response: We have amended the protocol to include more detailed steps, especially to explain how tasks should be carried out.

8. 3.1. How do you defibrinate the blood?
Response: We purchase commercially available defibrinated blood and have clarified this in section 3.2 of the protocol ‘Preparation of animal-derived blood meals’. The text now reads: “For animal-derived blood meals, transfer 1.98 - 2 mL defibrinated sheep blood into a 15 mL conical tube (see step 3.3 for desired volume of blood). Commercially defibrinated sources of vertebrate blood, including from sheep, guinea pigs, and humans, may be used13.”

9. For in-text formatting, corresponding reference numbers should appear as numbered superscripts after the appropriate statement(s) even in the protocol section.
Response: We have corrected this – all reference numbers now appear as numbered superscripts throughout the text.

10. In the JoVE Protocol format, only one note can follow one step “Notes” should be concise and used sparingly. They should only be used to provide extraneous details, optional steps, or recommendations that are not critical to a step. Any text that provides details about how to perform a particular step should either be included in the step itself or added as a sub-step. Please consider moving some of the notes about the protocol to the discussion section.
Response: Thank you for clarifying the format. We have made sure only a single note follows one step and have instead incorporated the detail into steps/sub-steps, or the discussion section as appropriate for maximum clarity.

11. There is a 10-page limit for the Protocol, but there is a 3-page limit for filmable content. Please highlight 3 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.
Response: We have edited the manuscript to highlight only the essential steps of the protocol.

12. Notes cannot be filmed so please remove the highlighting.
Response: We have removed all highlighting of notes.

13. Please obtain explicit copyright permission to reuse any figures from a previous publication. Explicit permission can be expressed in the form of a letter from the editor or a link to the editorial policy that allows re-prints. Please upload this information as a .doc or .docx file to your Editorial Manager account. The Figure must be cited appropriately in the Figure Legend, i.e. “This figure has been modified from [citation].”
Response: Our revised figures do not contain any reprinted or modified figures from previous publications.

14. Please include all the Figure/Table Legends together at the end of the Representative Results in the manuscript text. Each Figure Legend should include a title and a short description of the data presented in the Figure and relevant symbols.
Response: We have now corrected this.

15. As we are a methods journal, please ensure that the Discussion explicitly cover the following in detail in 3-6 paragraphs with citations:
a) Critical steps within the protocol
b) Any modifications and troubleshooting of the technique
c) Any limitations of the technique
d) The significance with respect to existing methods
e) Any future applications of the technique
Response: Thank you. We have rewritten the Discussion to explicitly address these goals. 

16. Please remove trademark (™) and registered (®) symbols from the Table of Equipment and Materials and sort the table in alphabetical order.
Response: We have made these changes.

____________________________________
Reviewers' comments:
Reviewer #1:
Manuscript Summary:
This manuscript by Jové and colleagues offers a useful protocol for feeding mosquitoes using a Glytube setup, as well as methods to analyze feeding amounts. The method is simple, and can be adapted for use by many research labs.

Major Concerns:
I have no major concerns.

Minor Concerns:
Line 27: Change "Female mosquitoes spread disease by biting vertebrate hosts" to "Female mosquitoes of certain species may spread diseases while biting vertebrate hosts"
Response: We agree that this is a more accurate statement and have changed the text accordingly. This sentence now reads “Females of certain mosquito species can spread diseases while biting vertebrate hosts to obtain protein-rich blood meals required for egg development.”

Line 57: Please clarify what aspects of "feeding behavior" can be compared? Engorgement, probing, other?
Response: Thank you - we have clarified this by replacing “feeding behavior” with “meal volume consumed”.

Lines 59-67: Please modify the text- currently it gives the reader a false impression that all Ae. aegypti mosquitoes are infected with pathogens, that females infect new hosts with each biting (they cannot infect during the first blood meal, and they only can infect a host if they themselves carry the pathogen and it is present in their salivary glands), and that females are preferentially attracted and bite only uninfected hosts (if that's the case, please provide references).
Response: Thank you for pointing this out. This paragraph has been re-written to address these points, and this section now reads as follows: 
“While consuming a blood meal from an infected host, she may ingest blood-borne pathogens6, 8, which then migrate from the mosquito’s midgut to her salivary glands10. Female mosquitoes infected in this manner can spread disease by injecting pathogens along with saliva when biting subsequent hosts11, 12.”

Line 62: please define the difference between biting and blood-feeding
Response: We have included the following sentence to clarify:
“The female mosquito first bites her host by piercing the skin with her stylet and injecting saliva, which contains compounds that trigger the host’s immune response9. She then feeds by pumping blood through her stylet into her midgut.”

Line 105: Typo. Remove "The"
Response: Thank you for catching this, we have removed the typo.

Line 110: Genetic background of the host or the mosquito?
Response: We have included wording to specify that it is the genetic background of the mosquito in question: “This assay can measure differences in feeding vigor in response to variables such as meal composition or the mosquitoes’ genetic background.”

Line 135, Step 1.3. How long can ATP stock aliquots last at -20C?
Response: We have added recommendations for how long to store ATP stock aliquots at -20C: “Aliquot the ATP solution and store at -20°C. This stock solution of ATP is typically made fresh every six months and is used for all meals described below. To prevent degradation, ATP aliquots should not undergo multiple freeze-thaw cycles or be heated along with other meal components.”

Line 138: Please clarify if ATP is already buffered by following the procedure in steps 1.1-1.3, or if additional steps need to be taken.
Response: Thank you for pointing out this confusion. We have modified the procedure steps 1.1-1.3 (‘Preparation of the phagostimulant: adenosine 5′-triphosphate (ATP)’ section) to improve clarity. This section now reads: 
“Reconstitute ATP disodium salt hydrate (MW = 551.14 g/mol) in the aqueous 25 mM NaHCO3 to a final concentration of 200 mM ATP. To minimize hydrolysis of ATP, it must be buffered by a salt solution such as NaHCO3. For a total volume of 10 mL of 200 mM ATP in 25 mM NaHCO3 buffer: add 1.1 g of ATP disodium salt hydrate to a volumetric flask and fill with 25 mM NaHCO3 buffer to a total volume of 10 mL. Using a magnetic stir bar, thoroughly mix the solution until all the ATP is dissolved.”

Line 155, Step 3.1. Is there a method by which one can check the quality of the blood? Quality control steps?
Response: We have added detail to step 3.1 (‘Preparation of animal-derived blood meals’ section), describing ways to check the quality of blood. 
This text now reads: “Prior to use, ensure that the purchased blood has not passed its expiry date and mix it well by inverting the bottle, especially if there is visible separation of blood components.”

Line 159, Step 3.2. Warmed to what temperature? Please mention here. Using a water bath or bead bath?
Response: We have included the recommended temperature for the water bath used to warm meal components other than ATP.
The text now reads: “For optimal feeding, ATP can be added to a final concentration of 1 - 2 mM after the sheep blood has been warmed to 45C in a water bath.“

Line 159: How is 1 mM- 2mM achieved from the 200mM stock made in step 1.2? I.e. how much should be added to the 2mL of blood?
Response: Thank you for this suggestion. We have added these details to step 3.2 (‘Preparation of animal-derived blood meals’ section).
“For a final concentration of 1 mM ATP, add 10 L of the 200 mM ATP stock solution to 1.99 mL of pre-warmed blood and mix. For a final concentration of 2 mM ATP, add 20 L of the 200 mM ATP stock to 1.98 mL of pre-warmed blood and mix.”

Lines 167-169: How much (volume) of these stocks needs to be prepared
Response: Great question - we have clarified meal volume per experiment at the beginning of each section. This now reads: “Calculate the number of meals needed to feed all mosquitoes; each Glytube holds a 2 mL meal and feeds approximately 25 mosquitoes. One additional meal must be prepared to calibrate the standard curve for fluorescence readings. Unless stated otherwise, all steps in this section describe reagent amounts required to prepare one 2 mL meal.”

Line 185: Is half of the 2mL meal kept aside, or is much larger volume prepared?
Response: Thank you for highlighting this confusion. We have reworded these instructions for improved clarity at all respective steps. 
This now reads: “Retain 1 mL of the final meal formulation containing 0.002% fluorescein to generate the reference standard curve. Treat the retained volume identically to the meal that is being delivered to mosquitoes; expose to the same light and temperature conditions throughout the duration of the experiment, and subsequently freeze this along with the delivered meal.”

Line 190: Titles use a different reference format (than numbers which are used throughout main text).
Response: We thank the review for pointing this out and have now updated the titles to match the reference formatting used throughout the text.

Line 195: How long does it take for a blood-meal to be digested in comparison?
Response: The blood meal is digested at a rate comparable to the artificial blood and saline meals. We have rewritten the discussion to clarify this point. This text now reads: “Changing the meal composition can also allow researchers to manipulate the amount of time needed to clear the meal from the midgut and as well as the subsequent host-seeking behavior.  The meals presented here require 24 – 36 hours for digestion7 similar to animal-derived blood.”

Line 200, Step 5.1 What are the details for warming the saline meal?
Response: We have added the water bath temperature for warming the saline meal. 
The updated text for step 5.3, reads: “For each 2 mL meal, combine in a 15 mL conical tube: 600 µL of 400 mM NaHCO3 with 1.39 mL ddH2O. Wait to add 10 µL of the 200 mM ATP stock solution until after the meal has been warmed to 45C in a water bath.”

Line 223: change "fly around in it" to "fly around in"
Response: We have modified the text with this suggestion.

Line 224: What does difficult mean in this context? Also clarify that it's difficult to approach by the mosquito not the investigator.
Response: We have reworded the sentence to improve clarity. 
The revised text now reads: “The container should be large enough for mosquitoes to fly around in, but not so large that it will be difficult for the mosquitoes to locate the mesh surface and begin feeding.”
 
Line 249: Accuracy is how close measurements are to each other- is that what the authors mean here? Would it be better to say "not correct"?
Response: This is an important point – thank you. We have corrected our error.

Line 250: Even though they cannot be used for direct comparison, are wells with only fluorescein or only meal with fluorescein still included in the assay?
Response: The Reviewer is correct that these meals cannot be used for direct comparison, therefore we do not include them in the assay. We have rewritten this section of the protocol to clarify. 

Line ~283. Rubber bands are shown on the conical tubes in Figure 1C. Is this recommended/necessary? Rubber bands are not mentioned in the protocol.
Response: We have added that rubber bands are optional in the protocol.

Line 284: How much cooling is considered significant? How much time (on average) does it take for the meal to cool down enough so that mosquitoes refuse to feed?
Response: Thank you for suggesting these important details. We have added them to the text which now reads: “It is important to work quickly at this step so that the meal does not cool down to ambient temperature and reduce the likelihood of maximal feeding. The rate of cooling will depend on the ambient temperature of the room where these steps are conducted, but they should typically be completed within 5 minutes in a 25C room.”

Line 292: is it "method" or "set up"
Response: We have replaced “method” with “set up”.

Line 317, Step 1.1. What are the specifications required for the balance? What range is required? What is the expected average weight for a single mosquito?
Response: Unfed female Aedes aegypti mosquitoes reared with constant food access typically weigh approximately 2 mg each. However, the average weight of an unfed mosquito depends on genotype, sex, and rearing conditions. This section (now 1.2) now reads: “Weigh groups of 5 females from the unfed cohort, i.e. mosquitoes that were never offered a meal, and calculate their average weight as the estimate of the “pre-feeding” weight. The average weight of an unfed mosquito depends on genotype, sex, and rearing conditions. Unfed female Aedes aegypti mosquitoes reared with ad libitum access to sucrose typically weigh approximately 2 mg each.” 

Line 318: remove "and" after "cohort"
Response: We have corrected this typo.

Line 320: groups are a bit unclear. Consider: "two groups (fed and unfed) with 5 mosquitoes each per weighing"
Response: We have reworded the respective sentence for better clarity.

Line 351: How much of the borosilicate beads are added and does this change the final volume in the well?
Response: We have revised the text to clarify that one 3 mm bead is added to each well. 

Line 362, Step 2.5. "…in the next 2 columns of the plate." 3 columns are shown in Figure 2? Please clarify.
Response: Good point - we have adjusted the Figure to match the text. 

Line 370: how are the tissues disrupted?
Response: We have included several of our suggestions for ways to disrupt the mosquito tissue. 
This text now reads: “Seal the plate carefully and disrupt the tissue by manual grinding. The abdomen should be thoroughly homogenized to release the meal. Methods to disrupt tissue include bead mill homogenizer with 3 mm borosilicate solid-glass beads (30 Hz for 30 seconds), vortex mixer with 3 mm borosilicate solid-glass beads, or a pestle grinder without beads.”

Line 400: These figure headings makes it seem like the sections are figure captions.
Response: This is an important point- we have removed figure headings from this section. 

Line 402: change "wells that each contain" to "wells each containing"
Response: This has been corrected. 

Line 415: differing or various?
Response: We replaced differing with various. 

Line 430: for context, what does the NPY Y2 do?
Response: We have edited the text to provide this context: “In these experiments, females were offered saline + ATP meals with the human NPY Y2 receptor agonist TM30338 added at a concentration of 100 M. This drug alters host-seeking behavior through activation of Ae. aegypti NPY-like receptor 7. Measuring meal sizes is critical for the interpretation of experiments to assess the effect of this drug on post-blood-feeding behavior because it allows the researcher to calculate the dose consumed by each female.”

Line 437: Figure 6A shows meal size, not engorgement
Response: Thanks for point this out, we have edited this text for accuracy. 

Line 449: some context for NPYLR7 mutant would be useful
Response: Based on feedback from the reviewers, we have now removed this figure.

Line 471 paragraph, discussion. Please discuss parafilm parameters. Is there a way to know when it is stretched thin enough? If it's not stretched thin enough, what happens? Or too thin?
Response: This is important – we have added additional information about parafilm parameters to the discussion. This text now reads: “Females may not feed if the parafilm is not pulled taut across the Glytube cap – the parafilm should be uniformly transparent and should not buckle, as this prevents the female from being able to effectively pierce the parafilm with her stylet. If the meal leaks through the Glytube onto the mesh, the parafilm may have torn during the stretching process and should be replaced.”

Line 637: see comment for line 415
Response: We have corrected this. 

Line 662: might want to explain Ir7a>TRPV1
Response: We agree with the reviewer that these data were somewhat confusing and have simplified Figure 6 to remove this panel.

Figures: All figures are a blurry. Please check the resolution and guidelines (dpi)
Response: We thank the reviewers for catching this – we have increased the quality of the exported figures.

Figure 4D: put a space between weight/ and female in the y axis
Response: We thank the reviewer for pointing this out – we have added an additional space on the y axis legend and agree that this improves legibility.

Figure 6B: what are the 2 gray color dots representing?
Response: We agree with the reviewer that these data were somewhat confusing and have simplified Figure 6 to remove this panel.

Reviewer #2:
Manuscript Summary:
The manuscript describes two methods for feeding and quantifying Aedes aegypti meal size. A simple fluorescent-based methodology to quantify the volume of a meal taken by a mosquito, that can be used for blood-based meals or any other artificial meal; and Glytubes, which is an apparatus to deliver diets, based on a modification of a common 50ml laboratory tube. Both methods very useful and offer several advantages over commonly used methods and can be used on a variety of applications. The methodologies are well explained. However, in the introduction the 2 methodologies are a bit mingled and the objectives of the manuscript only become clear on the protocol.
Response: We agree that the delineation between methodologies could be clearer. To that end, we have updated the introduction with wording to clarify what the two methodologies are as we discuss them. “This protocol includes 2 sections: delivering artificial meals and quantifying consumption…”

Major Concerns:
My major concern is that no comparison with existent methods used to quantify blood meal sizes are made.
Were the meal volumes obtained consistent with those described in the literature for Aedes aegypti? Is it comparable to other methods such as quantification of haemoglobin to infer mosquito blood meal volume?
Response: We have updated the text to include the following statement and citations to address other methods of quantifying meal volume.
“While blood meal size is variable and can be influenced by a myriad of factors11, 28, 29, ingested meal sizes measured with the methods described here are generally consistent with previous quantifications7, 30, 31.”

The fluorescence-based method for quantification of blood meal volume is terminal. If live mosquitoes are needed afterwards, the alternative is to weight mosquito that were fed and un-fed, "but this method is less sensitive than the fluorescence-based quantification".
Were the methods compared? If so, could you add the data. Why is it less sensitive?
Response: We have explained this in a note at the beginning of the section, ‘Weighing mosquitoes to be used for further experiments’ in the protocol. To weigh mosquitoes, they must be pooled into groups of 5 females each – i.e. they cannot be weighed singly to discern differences between individuals. Fluorescence-based quantification allows the experimenter to take readings from individual females, therefore can be used to quantify variability in feeding between individuals.

The manuscript uses several examples for applications of the methodologies. This is good. However, it feels they are too many and some lack adequate explanation.
Response: We agree with the reviewer and have cut several examples (former Figure 6A and Figure 7) to improve the clarity of the protocol.

Figure 6. What are suboptimal meals? Why capsaicin appears here without any explanation? Some editing of the figure to retain the essential would increase the MS clarity.
Response: We agree with the reviewers that this panel was confusing and have deleted it for clarity.

Figure 7. Does not add anything extra to the manuscript.
Response: We agree with the reviewer and have cut this figure.

Table 2 and point 5. (line 190). Why two recipes? This is not the object of the protocol, one would be sufficient for demonstrating the use of the protocols for non-blood feeding, it is confusing.
Response: The Reviewer is correct that comparing saline meals is not the main focus of the protocol. We have re-written the manuscript to show a single recipe that is a protein-free version of the artificial blood recipe provided.

Minor Concerns:
Point 4.3.(line 174)
600 μL γ-globulins, 460 μL hemoglobin, 680 μL albumin and 10 μL ATP adds up to 1750. To prepare a total of 2ml 250ul of water should be added (not 240)
Response: Great point- we have fixed this is the text.

Point 2.5.(line 286)
For how long do mosquitoes feed? Please add.
Response: Thank you for this important question – we have added this so that the text now reads “Place the assembled Glytube on top of the mosquito container and allow the mosquitoes to access to feed for at least 15 minutes to achieve maximal feeding rates.”

Point 2.5.(line 291)
Is the tube screwed up into the cap? Please clarify
Response: We have clarified this and explained how to perform this step in more detail. “Partially screw the cap with the meal onto the glycerol-filled tube – just enough to prevent leakage of the meal or the glycerol.”

Point 1.1.(line 318)
Weigh groups of 5 females from the unfed cohort (and) to calculate the average "pre-feeding" weight.
Response: We have incorporated these changes as part of step 1.2 in the ‘Weighing mosquitoes to be used for further experiments’ section.

Point 1.2.(line 324)
How the pre-fed mosquitoes weight enters the calculations?
Response: Thank you for pointing out this confusion – we have reworded the respective steps of the ‘Weighing mosquitoes to be used for further experiments’ section to explain the difference between the “unfed” cohort that is never offered a meal, and the “not fed” pile of the experimental cohort, which does not consume a meal when offered.

Figures: The quality is poor. The medians are not visible. This is probably due to the quality of my pdf. If not, please increase quality of figures.
Response: We thank the reviewers for catching this – we have increased the quality of the exported figures.

Figure 4/5 and legends (line 640 and 652)
"Percent of females fed scored using fluorescence readings. Each point represents a measurement from an individual female. Data is shown as median with range, n = 12."
I am assuming that the % of fed females (nº of fed females over total nº of *100 ), if so individual measurements are not compatible. Could you please clarify.
Response: Thanks for catching this mistake - we have rewritten the figure legend to show that the data in Figure 4A represents trials [n = trial (12 - 16 females/trial)] and Figure 4B represents individual females from a single trial.

REPRESENTATIVE RESULTS: I believe it is a journal policy to avoid the use of personal pronouns.
Response: We have rewritten the text to avoid the use of personal pronouns in this section.

Reviewer #3:
Manuscript Summary:
In this manuscript, the authors present a method for artificial blood feeding in Aedes mosquitoes.

Major Concerns:
While the manuscript is well written and experiments are conducted in a rational way, this work does not add any knowledge to the existing literature. There have been many papers published on artificial blood and membrane feeding for mosquitoes. The authors' claim that most mosquito labs use animals for blood-feeding is not correct. Most labs working on mosquitoes, use simple membrane feeding protocols by using Petri dishes, culture vials, and even just cotton soaked in blood. Several labs (Luckhart lab for instance) have already published artificial blood composition to avoid any growth factors etc. Sugar meal with ATP or saline with ATP is a standard procedure to trick mosquitoes in taking up the saling in midgut instead of the crop. I do not see any labs that could benefit from this work.
Response: While we agree that many protocols for artificial feeding and formulations for artificial meals exist, this video protocol will be useful as a visual guide to researchers who are using pharmacological and genetic manipulations to study mosquito blood-feeding and post-blood-feeding behavior. This protocol provides:
· Innovative application of existing tools to deliver meals of varying composition and pharmacological compounds to mosquitoes in a physiologically relevant, non-invasive, and efficient manner.
· Precise quantification of meals and additives delivered to mosquitoes.
· Controlled stimuli to allow for reproducible application and complete experimental transparency of artificial feeding protocols with a focus on making them broadly accessible to many labs.
This work complements the stated mission of this journal: “JoVE is a scientific methods journal providing rapid and efficient publication of methodology in biological, medical, chemical and physical research. JoVE articles are video based (we call them video methods articles) which ensures a more effective transfer of information and experimental detail than with traditional text-based articles. JoVE publishes novel methods, innovative application of existing techniques, and gold standard protocols that enable a greater level of experimental transparency.”
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