Dear Dr. Saha,

Please find attached answers to the editorial and reviewers’ comments. We made every effort to address all questions and concerns. As a result of these changes, this manuscript became stronger and more focused. Thank you for your consideration!

Sincerely,

Alexander Murashov, M.D., Ph.D.
Professor of Physiology
Brody Bldg. #6N-98
600 Moye Blvd.
Greenville, NC 27834
Phone: 252-744-3111
Fax: 252-744-3460
Email: murashoval@ecu.edu

Editorial comments:

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.
A: We thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.

2. Please revise the following lines to avoid previously published work: 48-49, 217-220, 339-342, 385. 
A: We revised the lines: 48-49, 217-220, 339-342, 385 to avoid previously published work.

3. Please revise the abstract to be between 150-300 words, clearly stating the goal of the protocol. Here the word limit is exceeding.
A: The abstract was revised to fit word limitations.

4. Please revise the text to avoid the use of any personal pronouns (e.g., "we", "you", "our" etc.).
A: We revised the text to avoid the use of any personal pronouns (e.g., "we", "you", "our" etc.).

5. Avoid usage of phrases such as "could be," "should be," and "would be" throughout the Protocol. 
A: We revised phrases containing "could be," "should be," and "would be" throughout the protocol.

6.Please add more details to your protocol steps. Please ensure you answer the "how" question, i.e., how is the step performed?
Step 1.5: How was the coupling done, and how was the attachment to the shock tube done and secured?
Step 2.1: How was the anesthesia given, and how was proper anesthetization confirmed? Which fly genotype was used here? Was there any age, sex-specific bias?
Step 3.1: How was this done? Please provide all details as to how the flies were caught and transferred. Alternatively, add references to published material specifying how to perform the protocol action.
Step 3.7 NOTE: Does the grooming bout refer to the additional shocks given after the first electric shock. If yes, please specify this in the protocol. Also, please describe in detail how the frequency and duration of grooming bouts are recorded and calculated.
A: More details were added to your protocol steps, including Steps 1.5, 2.1, 3.1, and 3.7.

7. Please do not abbreviate journal names in the References.
A: Journals are cited with full names in References.


Reviewer #1:
We thank the reviewer for the very thoughtful comments, which helped to improve the manuscript.

Major Concerns: None

Minor Concerns: After the manuscript - the comments/description section was incoherent and full of errors that needs to be rectified in the publication version
Answer to Minor concerns:
The comments/description section was revised.


Reviewer #2:
We thank the reviewer for the very thoughtful comments, which helped to improve the manuscript.

Major and minor Concerns:
Throughout the manuscript, authors used Drosophila many times. Except for the first appearance in the manuscript, an abbreviation (D.) should be used. 'simulans' was often used alone, but it should be written D. simulans.
A: Drosophila is now abbreviated as D. throughout the text.

line-82: I don't understand 'regulatory oversight'. Please clarify it.
A: By regulatory oversight, we meant IACUC approval of animal protocols for vertebrate animals.

line-109: it is unclear what 'a 12-mm fragment' means. Please clarify it.
A: We clarified in the text that we cut off the narrowing part of the blue tip to create a 12mm long piece.

line-150: please clarify 'home vial'. Do you keep the flies individually after each trial?
A: By home vials, we meant individual vials. It is now corrected in the text.

line-160: it is not clear at what time points the grooming bouts were measured (after flies returned to the lower compartment in response to e-shock?)
A: Grooming bouts were measured throughout the 1 min trials. It is now explained in the text.

line-190: 'within 10 sec'. this is in contrast to 16 sec (line 185). 
A: “within 10 sec” were referring to the frequency distribution of the latencies. For example, a 10-sec bin comprises all flies with latencies from 5 to 15 sec. This is different from the average latency. We now explained this in the text.

Figure 1: what is the top rectangle? what is the dimension (diameter x length) of the 14-mL tube?
A: the top rectangle is a cap of the shock tube. The corresponding labeling was added to the figure. We now also indicate the dimensions of the 14 ml tube in the legend (45mm length x 17mm outer diameter).

All tables are just alternative presentations of the histograms. I suggest deletion of these, since it does not provide new information.
A: We believe the tables provide valuable numerical information for the means, SEMs, and P-values, which many readers especially those who would like to replicate the protocol might find useful.

Figures 2C, D: Is it possible to have precisely 'zero', '10', '20' etc. latencies? (see also Fig. 3C, 4C). According to line-144, 'zero' sec latency is impossible. I believe the x-axis should be presented as intervals (for instance, 1-5 sec, 6-10 sec, 11-15 sec, etc.)
I was also puzzled by 'zero' number of shocks (see also Fig. 3D, 4D). Shouldn't flies get at least one shock (during the first trial)?
A: The frequency distribution graphs show the number of flies within certain ranges of latencies or shocks, which are called “bins”. For example, bin 0 will have flies with latencies from up to 5 sec, bin 10 will have flies with latencies between 5 and 15 sec, and so on. While we agree that it might be useful to present bins as intervals, unfortunately, the statistical program GraphPad Prism does not allow this option. The x-axis in distribution graphs is automatically formatted as bin centers. As far as zero shocks are concerned, some flies never entered the shock tube on the first trial and were removed from subsequent trials. We now explain all this in the text.

Figures 3E, and 4E: averages of latency were presented in 3A and 4A, respectively. interestingly however, the latencies were split into two extremes (less than 20 and 60). Some of the flies barely learned or failed to memorize (less than 20 sec), while the remaining ones did (60 sec). Therefore, simply averaging values doesn't seem to be appropriate for this case. Authors should provide more insightful discussion about such a split event.
It was also unclear why authors tested D. simulans.
A: This is a very good observation. Indeed, we noticed that if a fly does not enter the shock compartment within 30 sec it will not enter it at all. However, this distribution while well visible in the third trial disappears in the 4th trial, indicating that all flies eventually learn the task. We do not know the reason for the distribution in the third trial, but individual variations in fly learning ability may be explained by some genetic polymorphisms which control alternative strategies of learning. A recent study showed that polymorphism in the foraging (for) locus encoding a cGMP-dependent protein kinase (PKG) may mediate alternative strategies in learning foraging behavior. Flies with the "rover" allele and higher activity have better short-term memory while flies with the "sitter" allele and sedentary behavior show better long-term memory. (Mery et al., PNAS 2007). We now discuss this in the text.

line-224: regarding WD. Is there anything known about the WD-fed flies? For instance, do they weigh more? body size? it is also helpful if authors provide a hint why this test is important.
A: Yes, our recently published paper has documented effects of a western high-calorie diet (WD) in flies (Murashov et al., FASEB Bioadvances 2021). Among many effects, the WD increases the level of triglycerides and shortens lifespan in D. which can be mitigated by flight exercise. We now explain this in the text.

line-350: perhaps authors need to provide an example how this can be done.
A: it can be easily done by changing colors or geometrical patterns for the lower compartment or adding olfactory cues via the cap of the upper shock tube. The shock tube is a commercially acquired part of olfactory T-maze and can be easily adapted for olfactory conditioning.
I suggest additional experiments as follows:
1) For the Figure 2, please do the same without e-shock. This will be a control experiment. The latencies are not expected to change in this control.
2) Please do the same with a known learning-memory mutant (such as rutabaga or dunce). This will provide an additional validation of this protocol.
A: 1) We have done repeated measurements in naïve flies. Without electric shock, they would enter the upper compartment a little faster in the second and third trials.  However, these changes were not statistically significant.
2) While we agree that testing rutabaga or dunce flies would be extremely interesting, and we plan to do it in the future, we believe it is outside the scope of this protocol paper.

Reviewer #3
We thank the reviewer for the very thoughtful comments, which helped to improve the manuscript.

Major concerns:
1. Drosophila olfactory learning and memory formation can be genetically dissected into five distinct phases: learning, short-term memory, middle-term memory, anesthesia-resistant memory and long-term memory. The authors stated that their passive avoidance apparatus can be used for studying memory mechanisms, but no data in the article shows this feature.
A: We stated that the current paper describes a protocol for testing learning and long-term memory in drosophila. However, this assay can easily be adapted to study short-term memory, middle-term memory, anesthesia-resistant memory by manipulating intervals between trials and subjecting flies to anesthesia. We have now added this to the discussion.
2. Figure 1 should more clearly show the steps of assembling the equipment and the final physical equipment including a 2-prong adjustable clamp, a vertical stand, an electrical stimulator, etc.
A: While we agree that more details on fig.1might be helpful, however, we believe it would be redundant as the video provide a detailed explanation of all the steps of assembling the equipment.
3. In figure 6, the authors stated that the WD significantly increased latency in WD and WDE groups, but it seems that there is no such result from the figure. In addition, other studies have pointed out that WDE is better than WD in memory, but the author's experimental results seem to be different.
A: We are a little confused by this comment as our data in fig.6 clearly show that the WD is detrimental to memory while exercise (WDE) counterbalanced this effect.

Minor Concerns:
1. On page 25 in the pdf file, the word "optioonal" should be revised to "optional".
A: We do not have page 25 and we cannot find the misspelled word. However, we want to assure you that we carefully checked the manuscript for all grammatical errors and typos.
2. On pages 26-29 in the pdf file, garbled characters appear.
We do not have pages 26-29 in our version of PDF and do not see any garbed characters.
