We thank the editor and reviewers for their comments and suggestions to improve the manuscript. We have copied the original comments in black below, and included our responses below the comments in red.

Editorial comments:
Changes to be made by the Author(s):
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues. Please define all abbreviations at first use.

We have proofread the manuscript and corrected typos.

2. JoVE policy states that the video narrative is objective and not biased towards a particular product featured in the video. The goal of this policy is to focus on the science rather than to present a technique as an advertisement for a specific item. To this end, we ask that you please reduce the number of instances of "the SNAP" within your text. The term may be introduced but please use it infrequently and when directly relevant. Otherwise, please refer to the term using generic language.

We apologize for the confusion. The SNAP is not a product it is the name of an apparatus. The apparatus was given a name in 2002. It is as simple as that. We are aware of other groups building their own versions of this apparatus and referring to it as a SNAP to ensure the readers understand what type of apparatus it is.

3. 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.
For example: Drosophila Activity Monitors (Trikinetics); DamFileScan etc

We have removed commercial language in the manuscript, and replaced commercial language with generic terms as appropriate e.g. ‘Drosophila Activity Monitors’ has been replaced with ‘activity monitors’

However, this request doesn’t make sense. The SNAP was designed to be used with Trikinetics Monitors; the data is analyzed accordingly. We think explicitly saying “Drosophila Activity Monitors” and “DamFileScan” etc will help make the protocol clearer to readers.
 
4. Please revise the text, especially in the protocol, to avoid the use of any personal pronouns (e.g., "we", "you", "our" etc.).

We have revised the text as suggested e.g. in lines 127-129 we have changed the text 
“We place wake, behaving flies into recording tubes” to now read 
“Individually place wake, behaving flies into 65mm long glass tubes for sleep recording”
in lines 173-174, we have changed the text
“We typically consider sleep as stable when the difference in sleep between baseline days is ± 100 min.” to now read
“Sleep is stable when the difference in sleep between baseline days is ± 100 min.”
and in lines 186 we changed the text
“ In our experience, it is critical that sleep deprivation is terminated” to now read
“It is critical that sleep deprivation is terminated,”

5. Please ensure that all text in the protocol section is written in the imperative tense as if telling someone how to do the technique (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.” However, notes should be concise and used sparingly. Please include all safety procedures and use of hoods, etc.

We have edited the text in the protocol section to ensure that it is written in the imperative tense. For example, we have modified the text in lines 139:
“The end of the tube with food should be at the top of the SNAP to ensure that flies do not get pushed into the food. In addition, the end with food should be on the side of the monitor with the sleep recording jack. This will allow DAM monitors to be oriented correctly in the SNAP for efficient sleep deprivation while monitoring activity”
to now read
“In the correct orientation, the end of the tube with food is at the top of the SNAP to ensure that flies do not get pushed into the food. In addition, the end with food is on the side of the monitor with the sleep recording jack”

6. Please note that your protocol will be used to generate the script for the video and must contain everything that you would like shown in the video. Please add more details to your protocol steps. Please ensure you answer the “how” question, i.e., how is the step performed? Alternatively, add references to published material specifying how to perform the protocol action. Please add more specific details (e.g., button clicks for software actions, numerical values for settings, etc) to your protocol steps. There should be enough detail in each step to supplement the actions seen in the video so that viewers can easily replicate the protocol.

We have added more details particularly in the section on recording sleep (page 5) and on calculating sleep rebound (page 6) reproduced below:

4. Save locomotor activity counts of flies in 1min. bins from the time of lights on on a given day to lights on the previous day using activity recording software e.g. from 8am to 8am

5 Estimate sleep from the locomotor activity data with custom macros using 5 min of inactivity as the threshold for a bout of sleep35.
NOTE: A number of sleep metrics are computed from the locomotor activity counts. These include sleep in min/hr over 24h, total sleep time in 24h, average and maximum daytime and nighttime sleep bout lengths36

6. Calculate the amount of sleep lost. For each individual fly, calculate the hourly difference between sleep obtained during sleep deprivation and the corresponding hour during baseline; sum the hourly differences to calculate total sleep lost

7 Calculate the amount of sleep recovered. For each individual fly, calculate the hourly difference between sleep obtained during recovery and the corresponding hour during baseline; sum the hourly differences to calculate total sleep gained

7. Line 116: What is an “appropriate number”?

As we note (page 3) “ Typically, genotypes are analyzed in groups of 16 or 32 flies” – the appropriate number of flies would vary based on the number of groups to be evaluated. 

8. Please move the information about the WT strain used (line 200) to the beginning of the protocol where you discuss using mainly females for the study etc.

We used CantonS wild-type flies in the experiment used to generate representative results. However, the protocol will work for any genotype, and thus we don’t think it is appropriate to include reference to a specific strain on flies in the protocol.

9. Please include a one line space between each protocol step and then highlight up to 3 pages of protocol text for inclusion in the protocol section of the video.

Each protocol step is separated by one line space as suggested. The protocol section is 3 pages in length.

10. As we are a methods journal, please add limitations of the technique to the Discussion.

In the original submission, we had included a small paragraph in the Discussion section (Page 9), where we discuss caveats of the technique which we reproduce below.

It is important to note that depriving flies of sleep during the day does not consistently increase sleep drive4. Hence, starting a 24 h sleep deprivation protocol at lights-on and continuing until the next day would not additionally enhance recovery sleep compared to a 12 h sleep deprivation protocol beginning at lights-off. In fact, the calculated sleep rebound may be lower since it will include non-homeostatically regulated daytime sleep in addition to nighttime sleep. The observation that daytime sleep deprivation does not induce a homeostatic rebound can however be used to control for potential confounding effects of the method of sleep deprivation. Thus, flies sleep deprived overnight in the SNAP are compared to flies that receive a comparable stimulus in the daytime7

11. Please do not abbreviate journal names in the reference list.

Journal names have been expanded in the reference list.

12. Please sort the Materials Table alphabetically by the name of the material.

The Materials Table is sorted alphabetically by name of material
____________________________________
Reviewers' comments:
Reviewer #1: 
Manuscript Summary:
This manuscript by Melnattur and colleagues on the sleep nullifying apparatus provides a very useful resource for properly performing sleep deprivation experiments in flies. As one key criterium of sleep, homeostatic rebound sleep is an important tool to understand underlying mechanisms of sleep regulation.

Minor Concerns:
* A potential source for noise or error of this sleep deprivation protocol is that flies would have to be relocated twice. After two days of baseline measurement in a recording chamber, flies are placed on the SNAP for overnight sleep deprivation and then moved again to the recording chamber. Please specify whether this happens in the same incubator and how to minimally disturb the flies in more detail. Would it be possible to down-size SNAP to fit in a small incubator (to potentially avoid relocating flies during the sleep experiment)?

The SNAP fits in a standard incubator and can be customized to accommodate different numbers of monitors. For example, we currently have SNAPs that fit 1 monitor, 6 monitors and 8 monitors respectively. Since all variety of SNAPs fit in an incubator there is no necessity to relocate the flies. However, many labs will not have dedicated space for both depriving flies and allowing flies to recover in the same space. Since resources are variable across labs, we prefer not to offer specific advice. However, as noted we emphasized that if the monitors must be moved, they should be moved immediately at the start of the recovery period. 
  
* It is not entirely clear how quickly the SNAP set up moves from -60 to +60 degrees in the experiments shown. The 10s are a full cycle, right?

Yes, 10s are a full cycle. We have included a breakdown of the time for different steps in the text of the manuscript as a note in the section on recording sleep. The revised note reads as below.

The SNAP rocks monitors back and forth from -60° to +60° every ~10s. The monitors are held at -60° for ~5.9s; it takes ~2.9s for the tray holding the monitors to move from -60° to +60° and ~1s to move back from +60° to -60°. The cycle length can be altered as needed by adjusting the voltage supplied to the motor.

* Line 177, please comment on the typical length or span of time windows to consider when calculating sleep loss and rebound. Maybe an example calculation would help here?

We thank the reviewer for the suggestion. We have added a section to the protocol describing time windows, and have modified the text to be more explicit. Examples of calculations are shown in Fig. 2C. The revised section reads as below:

Sleep Deprivation and Recovery
1. Flies can be sleep deprived for variable lengths of time (e.g. 12h, 24h and 36h). Recovery sleep can also be evaluated at various intervals (e.g. 6h, 12h, 24h and 48h). The duration of recovery is determined by experimental need. Sleep recovery can visualized using a sleep gain/loss plot or by examining percent sleep recovered over a predetermined interval (e.g. 6h).
 
2. If sleep is stable over the two baseline days, on the third day, place activity monitors into the SNAP for overnight sleep deprivation.
NOTE: Flies will exhibit a robust sleep rebound over a range of sleep times8,32,37,38, but sleep has to be stable to reliably evaluate rebound sleep. Sleep is stable when the difference in sleep between baseline days is ± 100 min.

3. Make sure activity monitors are secured in place with monitor holder pins, monitor cords plugged in, and monitors oriented correctly with the end with food at the back, and plastic barriers in front (Figure 1). 
NOTE: The SNAP is designed so the cam rotates once every 10s (Figure 1). The plastic insert resets the tubes by pushing the tubes back when the apparatus is in the “up” position. Resetting the tubes is important to ensure that all tubes have the full range of motion at the beginning of each cycle.

4. Unplug activity monitors, and take monitors out of the SNAP immediately upon lights on following overnight sleep deprivation.
NOTE: It is critical that sleep deprivation is terminated, and flies are placed in recovery immediately upon lights on following 12hrs of overnight sleep deprivation. Even a 20-30 min delay in placing flies into recovery can interfere with the extent of rebound sleep.

5. Place flies in a recording chamber where they will be undisturbed for two days (48h) to monitor recovery sleep. 
NOTE: If the recording chamber is being used for other experiments, extra care must be taken to avoid stimulating recovering flies. 

6. Calculate the amount of sleep lost. For each individual fly, calculate the hourly difference between sleep obtained during sleep deprivation and the corresponding hour during baseline; sum the hourly differences to calculate total sleep lost.

7. Calculate the amount of sleep recovered. For each individual fly, calculate the hourly difference between sleep obtained during recovery and the corresponding hour during baseline; sum the hourly differences to calculate total sleep gained.
NOTE: Whether a fly is actually sleep deprived is empirical. Thus, the experimenter should examine percent sleep lost. If the fly hasn’t lost a sufficient amount of sleep it can be excluded from the analysis. Although this might be required for other sleep deprivation approaches, it is rarely if ever required for the SNAP. More commonly, sleep may not be stable in a given fly prior to the initiation of sleep deprivation. If sleep is not stable, homeostasis cannot be calculated. We accept a maximum difference of ± 100 min of sleep calculated prior to the initiation of sleep deprivation as candidates for inclusion. On occasion, an individual fly’s sleep is distributed unevenly across the 24h day (e.g. some individuals may obtain 60-70% of their sleep quota during the day and thus only lose a small proportion of their 24 h sleep quota when deprived for 12 h at night). These flies can be evaluated separately. 

8. Calculate the average percentage of sleep recovered (relative to baseline) over 12hr, 24 hrs and 48hrs of the recovery period for each genotype.


* Line 181: From this section, it is not entirely clear to me how often these different cases happen. How many flies in a sleep deprivation experiment are typically excluded following such criteria? This seems particularly relevant regarding the first exclusion criteria (exclusion of flies whose sleep loss is less than 90%). Could you provide guidelines for 'typical' experiments?

Prior to the invention of the SNAP, when we used other protocols, we found that sleep deprivation was commonly ineffective. This rarely occurs with the SNAP. However, it is important for the reader to know that the effectiveness of the sleep deprivation apparatus is empirical and must be taken into account. Although we do not want to include this example in the manuscript, the SNAP easily induced sleep loss of >95% in the clock mutant cycle. 
We have clarified this point and modified the protocol as follows:

Whether a fly is actually sleep deprived is empirical. Thus, the experimenter should examine percent sleep lost. If the fly hasn’t lost a sufficient amount of sleep it can be excluded from the analysis. Although this might be required for other sleep deprivation approaches, it is rarely if ever required for the SNAP. More commonly, sleep may not be stable in a given fly prior to the initiation of sleep deprivation. If sleep is not stable, homeostasis cannot be calculated. We accept a maximum difference of ± 100 min of sleep calculated prior to the initiation of sleep deprivation as candidates for inclusion. On occasion, an individual fly’s sleep is distributed unevenly across the 24h day (e.g. some individuals may obtain 60-70% of their sleep quota during the day and thus only lose a small proportion of their 24 h sleep quota when deprived for 12 h at night). These flies can be evaluated separately. 

* It is not clearly stated in the legend of Table 1 what 'Percentage of all SD' refers to (% of recovered sleep?). It is also not clear how they obtained the values from the 116/254 papers on % of recovered sleep. Please provide more details for a clearer understanding on how SNAP compares to other methods.

We apologize for not being clearer. We have modified the titles in the Table legend. The new table legend is as follows:
 
Table 1: Survey of different methods of sleep deprivation used in the literature. Only 116 /254 papers used sleep deprivation. The number of papers using each method = “Total # of papers” using each method. The fraction of paper using each method = “% papers / technique”. The mean length of recovery evaluated for each method = “Avg recovery evaluated”. SD – Sleep deprivation. SNAP – Sleep Nullifying Apparatus

* There are full stops missing at the end of the sentences (for example, line 146).

We have corrected these typos.

Reviewer #2: 
Manuscript Summary:
This protocol describes methodology for using the Sleep Nullifying Apparatus (SNAP) a method used to deprive fruit flies of sleep. The apparatus can be used for general sleep deprivation, as well as measuring arousal threshold, a critical and likely underutilized sleep readout. This protocol is well-written, timely, and should be of broad interest to the community.

Major Concerns:
None noted

Minor Concerns:
1. Line 79. Sleep deprivation by hand deprivation or gentle handling, is generally regarded as setting the standard for minimally disruptive sleep deprivation.
I am surprised by this statement as it seems to convey a mammalian-centric view of sleep deprivation. There are many reasons to think gentle handling is far from ideal (e.g. lack of consistency). There are no references cited for this in the discussion, but my understanding is the approach has not been widely used.

The first use of hand deprivation in flies was in 2000 (Shaw et al., 2000); we now include this reference. In any event, hand deprivation is not mammalian centric. It should be noted that hand deprivation refers to the experimenter disturbing the animal based upon its behavior; hands are not required and the system is not automated. Specifically, when using hand deprivation, the experimenter only disturbs the animal when the animal goes to sleep and leaves them undisturbed otherwise. Moreover, the stimulus used is calibrated to provide the least required perturbation for each intervention and for each animal. This is a big advantage for flies in which upto 32 animals can be sleep deprived at the same time. 
 
2. Line 146: The representative results suggest the degree and velocity are critical. It may be worth putting a note in here about how these can be adjusted. If the formatting allows, it would be good to provide more information on how to analyze sleep, or at least a reference.

We have included a sentence clarifying that adjusting the spring and size and shape of the cam can help with altering the velocity of the SNAP.  The sentence now reads:

Each lab can optimize the angle and velocity by adjusting the spring (Fig 1B) and/or the size and shape of the cam (Fig 1C and 1D, right).

We tried to focus the paper on the sleep deprivation technique per se. However, we now include a reference for sleep analysis and have expanded the description of sleep analysis as below:

Save locomotor activity counts of flies in 1min. bins from the time of lights on on a given day to lights on the previous day using activity recording software e.g. from 8am to 8am.
 
Estimate sleep from the locomotor activity data with custom macros using 5 min of inactivity as the threshold for a bout of sleep35.
NOTE: A number of sleep metrics are computed from the locomotor activity counts. These include sleep in min/hr over 24h, total sleep time in 24h, average and maximum daytime and nightime sleep bout lengths36

3. One significant limitation I see is a lack of description of the SNAP. It would be helpful to provide information as a supplementary document about how to construct the device (if this is at all possible, and the authors are willing to do so). Are there SNAPs that are built outside of U. Wash and how similar are they?

Our machine shop will not provide the blueprints for the SNAP. However, we hope that the pictures will allow other machine shops to easily replicate this apparatus. This is not a complex apparatus to construct. Indeed, we have seen custom built SNAPs based upon our design and they look good. It should be noted that the custom built SNAPs made by others were made using only the description without pictures.

4. The Table are extremely useful. One limitation of lumping all vortexter/thermogenetic forms of sleep deprivation together is that the results can differ dramatically depending on protocol.

We are glad the reviewer found the tables helpful. We agree that there is large variability in the protocols used for sleep deprivation and evaluation of rebound. We categorized the different methods as best we could to provide a heuristic for what is possible. To our surprise the results have been fairly consistent across methods with a few caveats. 

