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Dear Jake,
Thank you for the opportunity to address the helpful comments of the reviewers. We have taken all of them into consideration and have modified the manuscript accordingly, as detailed in the response to reviewers below. In particular regarding several reviewer comments on the broad applicability of the method described in this work, we have changed the title of the paper to “Rearing and injection of Manduca sexta larvae to assess bacterial virulence.” 

Sincerely,

Heidi Goodrich-Blair

Reviewer 1:
Major Concerns

1. A major concern is the absence of information regarding other techniques and how such techniques compare with the protocol described here in terms of technical difficulty, efficiency and speed.
Response-We are unable to find any sufficiently divergent methods in the literature for injection of M. sexta, however we did address the advantages of our method as compared to oral toxicity assays using M. sexta (which ask a slightly different experimental question), as well as drosophila “nicking” assays. These are now outlined at the end of the second paragraph in the introduction.
2. Step 1.6: Why this stage is needed? Why not transfer the hatchlings directly to the pot with the diet (Step 1.7 and Fig. 1C)? 

Response-The best reason we have to cultivate M. sexta in groups is really just to conserve space and materials. It is somewhat advantageous to keep larval M. sexta in groups to compare size/development within the group so that larvae that die or don’t develop at the same rate as the others may be easily observed and removed from study. This was clarified in step 1.6. The bugs do eventually have to be transferred to individual containers to prevent cannibalism, and a note was added to step 1.7 to clarify this point. 
3. Step 3.4: Why not use disposable sterile needles for each injection? 

4. Step 3.7: Same as for 3.4.

Response-This is a perfectly reasonable approach, and may in fact be necessary in the case of spore-forming or otherwise ethanol-resistant bacteria, as pointed out by another reviewer. We included this option within the discussion section. 

5. Figure legend 1: The authors should explain in the text the usefulness of step B.

Response -See response to point 2
6. Figure 3: A. Maximum on Y axis should be 100. B. The authors should state how many times this experiment was performed. C. Error bars should be added on the two survival curves and appropriate statistical analysis should be reported. D. Can the authors present insect mortality data using different dilutions of wild-type and mutant Xenorhabdus bacteria?


Response-
A. We changed the axis as suggested

B and C. As stated in the text, these are representative data and not meant to convey any meaningful scientific data other than proof of concept that the experimental procedure is sufficient to distinguish virulence phenotypes. The virulence phenotypes reported within this work were originally published in reference 15. We did include mention of the log-rank statistical analyses in the legend of figure 3.

D. Information regarding the effect (or lack thereof) of different inoculation levels has been published, and is already referenced in the text as reference 16, found in the discussion section of this work. 

Minor Concerns

1. P. 2, bottom line: “Incubate for 2 days as above”.

-changed as requested

2. Step 2.2: Is this carried out at 4(C?

-clarified as requested

3. Step 3.1: “…final volume of cells…”. Do the authors mean cell suspension?

-clarified as requested

4. Representative Results - last sentence: “...mutant infected larvae”.

-changed as requested

5. Figure legend 3: Do the authors know which bacterial dilution corresponds to 50 CFU of Xenorhabdus?

-clarified as requested

6. References: Could the authors replace citations 2, 5 and 12 with more recent publications?

-These references were not changed, as we would prefer to cite original references and/or those that provide the most detail regarding an experimental approach, given that this is a methods paper.

7. P. 2, line 2: “...simple by monitoring…”, please delete the word “by”.
-changed as requested
8. P. 2, line 6: insert the word “insect” before “blood”.
-changed as requested
9. P. 2, lines 14-15: The production of antimicrobial peptides is not directly measured by quantitative PCR. This technique measures gene transcription that gives an approximate estimate of antimicrobial peptides secreted into the hemolymph. The authors should modify the sentence to reflect the above.   
-changed as requested

Reviewer 2:
Minor Concerns

1) The article’s title understates its scope as stated in the short abstract.  The description of larval rearing is equally significant to the description of bacterial injection.  Some variant of “Use of M. sexta to test virulence of entomopathogens” would be more fitting.

Response-title changed to “Rearing and injection of Manduca sexta larvae to assess bacterial virulence” to address this concern

2) Description of the injection itself lacks sufficient detail.  How does one avoid piercing the midgut, or know if the midgut has been pierced?

Response -clarified as requested

3) Though it should not be required for publication, it might help some readers to see how this method could be adapted for bacteria, such endospore formers, which are resistant to ethanol.  Can Hamilton syringes be autoclaved?  If not, can they be washed well enough to remove traces of bleach?  Is a separate syringe required for each dilution of each strain?  In some cases, disposable syringes/needles could be preferable, and a system for standardizing injection volume (such as a Tridak stepper) could be of use. 

Response -Potential use of disposable syringes and repeating dispenser are now included in the text.

4) Typo in abstract: “. . .species, strains, or mutants by simply by monitoring. . .”

Response -fixed as requested

5) In addition to water loss and loss of response to stimuli, loss of turgor pressure is a helpful additional indicator of insect death.  In some cases with Gram positive pathogens, it can precede melanization and visible water loss.    

Response -It is our understanding that loss of “turgor pressure” is due to water loss, which is already addressed within the text.

Reviewer 3:
Major Concerns

My only major concern is related to the limitations of the protocol and the title of the manuscript. The described method can have a general application, even if after some modification, so the title should be more general also. In its present form, about insect pathogen and Manduca sexta, it constrains the interest. It should also show that the content is about an “artificial, tightly controlled insect infection procedure for insect infection models”, illustrated with a specific, very efficient case (no question how the infection ends), provided authors intention was also to give information about the design and execution of controlled insect infections and not only to tell how they do experiments with Xenorhabdus and M. sexta. But even the latter is welcome because it is the precise, recipe-like description what is missing from the methods section of papers about experiments using insect infection. So author’s protocol could be a good reference anyway. Perhaps they should mention how much their protocol is based on their own “development” and how much on others’ method (as for conditions, treatments, techniques).

Response -We have expanded our discussion of alternative approaches, including how these experiments might be applied to other model insects (namely Galleria mellonella). Such adaptations may be useful for less virulent bacteria, as G. mellonella is more susceptible to infection. However, further expansion of the protocol itself would require experience we do not have in investigating other bacterial or host species. For those wishing to utilize other insect or bacterial models, this protocol provides a starting point.
Minor Concerns

Point 1.1: The Gypsy moth diet contains wheat germ. Why is it necessary to add more. This part is not clear.

-clarified as requested

Point 1.4: …”until they no longer”… is better than …”until eggs no longer”…
-changed as requested
Point 1.5: How many eggs survive to the sterilation procedure? The separation steps is not clear.
-clarified as requested: all eggs “survive” sterilization, and the amount transferred depends only on how many there are!

Point 1.6: The manipulation of the new born larvae must be done taking each larva by the horn with tweezers to avoid harm the larvae
-clarified as requested

Point 1.7: It would be more informative if authors gave the efficiency of larval growth (like % of mortality) that their procedure usually resulted.  It would be useful to add a note that larvae may bite each other if they are together.
-A note about cannibalistic behaviors was added, as was an indication of the typical size range of 4th instar larvae. We also clarified in step 1.6 that SOME larval mortality may occur (though it is very rare), and that larvae with stunted development may be present. The number of individuals that die or don’t develop properly varies HIGHLY among different clutches, so we cannot provide reliable estimates.
Points 3.2 and 3.5: Is the latter necessary beside the former (if yes why) or are they alternatives?  This step is not clear. If the goal is to determine the number of bacteria in each dilution, this step is not enough clear.
-clarified as requested
Point 3.4: The concentration of ethanol is not given. I only note that according to medical practice 70% v/v alcohol is the most efficient in killing germs.
-clarified as requested
Point 3.6: Do you mean using a swab? Which is the importance for choosing this leg? How should I know if the gut was damaged with the needle? It would be useful to add a cartoon of the inside of the larvae showing the gut, the hemocoel  and the carcas. Although the larvae are cold-sedated, Most of the time they wake up rapidly after removed from the ice. It would be useful to maintain the larvae on ice, for example over a Petri dish filled with ice or use cold ethanol to slow larvae movement.
Response -The first 3 points were clarified in the text. We hold the larvae in place and inject them rapidly after removing from ice, which will be clearly depicted in the video. Thus, we don’t experience problems with the bugs “waking up” from the anesthetic treatment.

Point 3.7: The meaning of “injection group” should be specified. Is it a group of insects injected with a dilution or with a dilution series of a strain? (Statistical evaluation of the results is possible only in the former case.) Is it possible to use sterile insulin needle and syringe? Abbreviations should be given to help “beginners” (LB, CFU, PBS).
-All of these issues were addressed and/or clarified in the text.

