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We are pleased to submit a revised version of our manuscript, “A semi-high-throughput adaptation of the NADH-coupled ATPase assay for screening small molecule inhibitors”. 
We thank the editor and reviewers for their constructive comments, as well as the time and effort put into the review of the manuscript. We have considered the reviewer’s comments carefully and have accordingly revised the manuscript. Responses to the comments from the reviewers can be found below and the revised manuscript accompanies this letter, with changes indicated in a teal font. We hope the revised version is now suitable for publication and look forward to hearing from you.

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

Complete.


2. 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].”

Not applicable.


3. Please use greek characters for SI unit prefixed, e.g. use ‘μM’ instead of ‘uM’.

Complete.


4. Please do not abbreviate journal titles for references.

We have followed the format in published JoVE reference lists and used the JoVE Endnote format. 

5. JoVE cannot publish manuscripts containing commercial language. This includes company names of 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. Examples of commercial language in your manuscript include Milli-Q, etc.

Complete.
Reviewer 1:

Manuscript Summary:

This manuscript gives a good, detailed overview of a high-throughput miniaturised version of the classical NADH-enzyme coupled ATPase assay. Examples are given using myosin and ATPase inhibitors. The protocol is well written and easy to follow. This will be a benefit to the community and the benefits of this approach versus other methods are discussed.

Minor Concerns:

1. The addition of ADP would drive the change in signal to ensure PK/LDH is working correctly in the presence of the inhibitors. It would be useful to add a statement to this effect.

We fully agree with the reviewer that the above described experiment is an important control and may help users during troubleshooting. The following paragraph has been added to the Discussion (pg. 9, Line 481-487):

“It is important to ensure that the reaction catalyzed by PK and LDH are not rate limiting in the coupled reaction system. Control experiments performed without the ATPase of interest or at high levels of a potent ATPase inhibitor would show no (or little) activity, however, the addition of ADP would result in a quick signal decrease if LDH and PK are active and work correctly. The rate of NADH consumption is expected to be very high in this control experiment, so it is crucial to start detection as soon as possible after the reaction has been initiated by the addition of ADP.”
Reviewer #2:

Manuscript Summary:

This manuscript describes a method for using a well-established but often challenging and problematic assay. Inconsistencies are often common when running this assay so it will be very helpful to many scientists to have a highly detailed protocol that also includes a list of trouble spots and key procedures to follow to gain the most repeatable and valid results. The authors also very nicely explain the advantages of this method versus the other common methods.

Minor Concerns:

1. It would be nice to see the data reported in the conventional value of per second/per myosin head. Most articles that use this technique report their findings in this value so that would be helpful.

Although we fully agree with the reviewer that many publications show ATPase data as per second/per ATPase enzyme and it may help readers to make comparisons across papers or enzymes, we prefer using “raw” ATP (NADH) consumption rates here for several reasons. First, the observed NADH consumption rate does not purely reflect the ATP consumption rate of myosin, but it is affected by the photochemical degradation of NADH, the spontaneous hydrolysis of ATP, and the presence of any other ATPase enzymes. Besides the potential presence of contaminant ATPases, the slow ATPase activity of actin is the most important factor in this case. Therefore, uncorrected ATPase rates expressed as per second/per myosin head could be misleading. The best way to perform correction is to subtract the estimated reaction rate at 100% myosin inhibition from the data, which can only be performed after the inhibitory constants has been estimated by fitting the appropriate equation to the dose-response data. These extra steps of correction and further transformation would complicate the manuscript and, therefore, may not benefit the manuscript’s goal of presenting a straightforward protocol describing how screening is performed, the raw data is analyzed, and the performance (potency) of compounds is evaluated. However, we are willing to include the data in this format if the Reviewer feels strongly.

2. It would also be helpful to describe how the potential differences are quantified. E.g. is a 95% C.I. created around the slopes and then compared across the drugs? Or is an ANOVA run on a point by point basis. Which would be best for the researcher to use?

We appreciate that the reviewer has highlighted the importance of addressing statistical evaluation of differences between compound potencies. The following two paragraphs have been added to the manuscript to give practical hints to the readers (pgs. 10-11, Lines 521-539):

“Differences in compound potencies should always be quantified by performing dose-response experiments and determining the inhibitory constants.  Although single point screening data reflects these differences in theory, the non-linearity of the responses, together with the experimental error would make it extremely difficult to perform such an analysis. Single point screening experiments should be designed to capture even the relatively weak inhibitors with high confidence by choosing an appropriate inhibitor concentration and a pre-defined threshold response level to distinguish between active and inactive compounds.”

“Establishing that the differences between the inhibitory constants are statistically significant is best performed by re-writing the equation for nonlinear regression to determine pKI (-logKI) instead of KI, as pKI is normally distributed, while KI is not. The uncertainty for pKI is symmetrical, while it is not symmetrical for KI. Confidence intervals can be calculated for pKI and t-test or ANOVA can be used to determine if the means of pKI measurements are significantly different. However, caution must be taken when performing such statistical test as they assume homoscedasticity (same variance of data in groups). One can expect higher variance associated with pKI when a full dose-response curve cannot be obtained due to compound solubility issues. In this case, other appropriate statistical tests not assuming equal variances (e.g. Welch's t-test) should be used.”

3. The method for assessing if a small molecule might affect the other enzymes of the assay is nicely detailed (lines 444-450). Is this describing how to interpret the negative and positive controls in Figure 2F? It might be helpful to make this clearer in the text as it seems a very important control when interested in small molecules that might affect LDH and PK as well as myosin, or the enzyme of interest.
This is an excellent point and we have included new data to address it. Para-Aminoblebbistain is a known myosin inhibitor. It has been used as a positive control (dissolved in DMSO), while DMSO containing no inhibitor was used as a negative control throughout this work, as shown in Fig. 2F. To demonstrate that para-aminoblebbistain is indeed a good positive control that inhibits myosin, but does not affect LDH and PK, the same ATPase assay was performed by using apyrase instead of myosin. Apyrase hydrolyses ATP to yield ADP and inorganic phosphate. As expected, para‑aminoblebbistain was inactive in this assay, showing that the inhibition in the case of the myosin ATPase assay is not related to the loss of LDH or PK activity, but to the binding and inhibition of myosin by para‑aminoblebbistain. A new figure (Fig. 5) and the following paragraph have been included in the revision to clarify the details of this control experiment (pg. 7, Line 380-386):

“Finally, it is always recommended to test whether the inhibitory effects of any positive hits are specific to the target ATPase enzyme. The coupled reaction system employs two other enzymes, LDH and PK, and inhibition of one of these would result in a false positive signal. Running the ATPase assay with an unrelated ATPase enzyme may help to filter out these false positive hits. (For further recommendations, see discussion.) Para-aminoblebbistatin and apyrase, an ATP hydrolyzing enzyme producing ADP and inorganic phosphate, were used here as an example to demonstrate such a control experiment, as shown in Figure 5.”

The corresponding paragraph in the Discussion (pg. 11, Lines 543-548) has also been modified to indicate these changes and to further clarify what other control experiments can be performed.

