Point-by-Point Response to the Reviewer’s Comments on Manuscript
Mechanism of Inhibition of the Human Sirtuin Deacetylase SIRT3: 
Computational and Experimental Studies 
(PCOMPBIOL-D-13-01692)

Reviewer #1: 
*	The authors studied the inhibition mechanism of SIRT3, Sir2, and SIRT1 using experimental kinetic measurements and computational docking calculations. To provide a molecular-resolution resolution for the noncompetitive NAD binding mechanism for SIRT1 and a competitive one for SIRT3, the authors used molecular mechanics/generalized Born surface area (MM-GBSA) docking calculations to evaluate NAD+ binding to Sir2 and SIRT3. They observe two alternate binding sites for Sir2 and a preferential binding to the AC pocket of SIRT3.

To identify the mode of inhibition, they used three different docking approaches, the standard, induced fit, and template-based, to evaluate the energetics and intermolecular interactions of the binding modes. All of these approaches make at most minimal changes to the protein backbone despite what their names imply.

*	The experimental kinetic studies clearly show a noncompetitive NAD+ binding mechanism for SIRT1 and a competitive one for SIRT3. They observed that the binding of the NAD+ to the AC pocket of Sir2 has a lower free energy than binding to the AB pocket. For binding of NAD+ to SIRT3, the AC pocket has a low free energy for binding, but binding to the AB pocket required the template based induced fit docking, which still resulted in a high free energy for binding. The authors argue that the competition for the same binding site due to the inaccessibility of the AB pocket is the origin of the competitive inhibition. The authors offer a plausible explanation of the experimental kinetic studies.

*	The analyses performed here, namely the kinetic experiments and the different docking approaches, are certainly not novel, and they have all been fairly well established approaches. To my knowledge there have been no previous analyses applied specifically to the NAD binding to SIRT1, Sir2, and SIRT3.

*	As discussed in the manuscript, to validate the protein-ligand docked structures, the authors should perform at least short (~10 ns) MD simulations of the active site (e.g., stochastic boundary MD simulations). Even if the authors hadn't suggested this, I would have brought this up. While the scores provide an estimate for the binding of the ligands to the AC pocket, there may be large structural fluctuations that allow the AB pocket to become accessible upon binding to NAD+. Both the induced fit and the template-based docking approaches keep the backbone largely rigid in comparison to an actual MD simulation. It is also possible that the MM-GBSA estimates are incorrect, and the NAD+ may not actually bind to the AC pocket. The lack of MD simulations is a glaring weakness of this study. Further, an independent validation would strongly strengthen their argument. It should be straightforward to perform for a computational group such as this.

Minor Issues:
1) In the abstract, there is a period missing from the penultimate sentence.
Response: A period has been added to the penultimate sentence in the abstract.
2) In the introduction, second paragraph, the last sentence needs to be qualified with a reference (#15 again?).
Response: Reference #12 has been added to support the current claim. 
3) The text is much longer than it needs to be, and it is someone distracting to read. For example, most of the intended audience, I am sure, would be familiar with the difference between competitive, noncompetitive, and uncompetitive inhibition but the authors devoted nearly an entire page that reads like a textbook description on the discussion on p. 13. Even though I am not a biochemist, I did not need this information to evaluate the study.
Response: Page 13, second paragraph and Figure 7 will be modified specifically for our purposed kinetic model. It will include the equation derivation (see below). The experimental data will be fit into the model and obtain related parameter(s).  It may stay at the same place of the paper or moved to supplemental materials.
Complete model
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E: Sirtuin enzyme
AL: Acetyl lysine peptide
NAD: Nicotinamide adenine dinucleotide 
Int: Intermediate
NAM: Nicotinamide 
isoNAM: isonicotinamide









Model I
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Model II

[image: ]





	

	




	




	

	
	

	




	






Model III
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Reviewer #3: 
In this manuscript, the authors described their experimental and computational work in characterizing human Sirtuin modulators, hoping to improve understanding of Sirtuin modulation mechanism. The presented experimental work offers new information regarding SIRT3 modulation and should be of general interest. It appeared that some experiments were carried out but not described in the Methods (for instance, SIRT1 assay). This should be amended. 
Response: The detail for SIRT1 assay has been added in Materials and Methods section at page 25.
Also, it was felt that the experimental work could go further to provide a more complete picture of SIRT3 modulation by isoNAM, instead of inferring from the published yeast Sir2 work.
Response: The study published on yeast Sir2 modulation by isoNAM is based on experimental results from NAM Exchange assay. Our second paper will aim for identification of new leads which inhibits NAM exchange reaction. Therefore, NAM exchange assay will not be the focus of current paper. Ideally some supports can be obtained from simulation.
 However, the overall quality of the computational work is not up to the standard of PLOS Comp. Biol., particularly on two fronts, gross omission of technical details and apparent lack of carefulness in conducting the computational study. For a journal which has its main audience well versed in computational techniques, it is an absolute minimum to provide sufficient computational details used in the study. Not only would it help readers better judge the computed data, but also it allows the described work to be reproduced reasonably. For proteins which have been shown to exist in heterogeneous states crystallographically, such as Sirtuins, it is crucial to pay special attention to explain and explore the impact of different protein conformations (both experimental and in silico) on calculated binding energies. At the moment, very little was done or explained about this. Hence, there is no way to judge whether the structure used is suitable or not and the meaning of the calculations. This aspect should be much more developed to improve the overall quality of the computation work. 
The full list of comments and suggestions are shown after this paragraph. The authors may want to take some into consideration to improve the current study. 

Specific comments are listed as followed: 
· Section “NAM Acts as a Noncompetitive Inhibitor of Recombinant Human SIRT1 and a Competitive Inhibitor of Recombinant Human SIRT3 in vitro” 
Towards the end of section, the authors stated: “NAM does not inhibit SIRT1 deacetylation by competing with NAD+ for binding to the enzyme”. As the authors provided the definition of non-competitive inhibition in Discussion which reads: “Noncompetitive inhibition: inhibitors bind with some affinity to both the free enzyme E and to the enzyme-substrate complex (ES complex)”. The statement highlighted in red can lead to misunderstanding. Please change accordingly. 
Response: The highlighted sentence has been rewritten as following: NAM inhibits SIRT1 deacetylation by not competing with NAD+ for binding to the enzyme. The discussion of noncompetitive inhibition will be moved.

·  Section “SIRT3 Inhibition Effect by NAM in the Presence of IsoNAM” 

1) The authors started this section by mentioning the literature work which confirms isoNAM to be an activator for yeast Sir2 and achieving such effect by competing NAM. What authors provided instead is the SIRT3 inhibition effect NAM in the presence of isoNAM. This is not a definitive proof that isoNAM is an activator for SIRT3. It only suggests that isoNAM competes with NAM for the same binding site. Moreover, the effect of isoNAM on the SIRT3 inhibition effect NAM, as shown in Figure 3, is not very convincing. Could the authors provide statistical analysis data to show that such (isoNAM derepression) effect is real and meaningful? 
Response: Experimental results shown that iso-NAM is a weak inhibitor for SIRT3. NAM is a product inhibitor. The reduced inhibition effect of NAM in the presence of iso-NAM is real. Therefore iso-NAM activates SIRT3 deacetylation by reliving NAM inhibition. The error bar has been shown in Figure 3.

2) At the current status of the manuscript, most statements made about isoNAM are quoted from published yeast Sir2 work. It would be highly valuable to provide additional experimental work to assess whether isoNAM is also an activator for SIRT3. Not only would it improve overall understanding of SIRT3 modulation, but also it would also add more weight on the computational work of NAM/isoNAM with SIRT3 later. 

· Section “Computational Modeling of NAD+ - Sir2 Binding” 

1) Please cite the original Sir2 crystallographic and experimental publications for the first sentence which finishes at “As a complement to the experimental studies”. This is to provide clarity as which experimental work the authors were referring to. It would be even more helpful in re-organizing the paragraph to mention the published work first and then bring up the authors’ computational results to highlight the contributions. 

2) The PDB structure used for computational work by the authors, 1YC2, has five copies of Sir2 (of A. fulgidus). They are not identical at all. In fact, they turned out to be quite different as they are in different liganded states (ternary vs binary), exist in different conformations (productive vs non-productive) and have different disordered regions. All these would greatly impact the calculated binding energies. 

To have confidence in the computational results, it is vital to have details on what’s actually used in the computational study (a multimer or a monomer? Which monomer was used and why?). Are authors’ conclusions based on calculations using a single monomer or averaged over several/all? Are pocket-specific (AB vs AC sites) binding energies dependent on the Sir2 conformational state? Please provide more details in the Methods for readers to reproduce its Sir2 docking work and to better interpret the data.
3) The authors stated towards the end: “MM-GBSA scoring functions are similar for NAD+ in the AC pocket (-42.1kcal/mol) and the AB pocket (-26.6 kcal/mol)”. Could the authors please explain why -42.1kcal/mol is “similar” to -26.6 kcal/mol? At what point would the authors deem two energies dis-similar and why? 

· Section “Computational Modeling of NAD+ - SIRT3 Binding” 

1) There is a range of human SIRT structures from PDB. A thorough assessment of those structures would benefit the readers significantly. By doing so, the readers may also understand why authors chose certain two structures for computational work. 

2) Both structures used for SIRT3 docking are ternary complexes (SIRT3 with NAD+ covalently or non-covalently bound to a peptide substrate). It is not clear from the Methods whether the peptide substrate is cleaved (or removed) from the binding site before NAD+ docking. If it is not removed, would the docking results still make sense? Can the induced-fit docking method handle two disconnected proteins? Please clarify this point. 

3) A more fundamental question relating to 2) is the Isothermal Titration Calorimetry data reported by Jin et al in JBC 2009 which says: 

“NAD+ did not bind to SIRT3 directly. Taken together the data suggest that the substrate peptide binds first to SIRT3 followed by NAD+ binding.” Page 24402, Jin et al JBC 2009. 
If the peptide substrate was indeed removed prior to computational work, can the authors please comment how their computational work fit with the ITC finding? 
· Discussion, Section “Mode of Inhibition of SIRT3 by Nicotinamide” 

1) A lot of “discussion” in this section, especially on Pages 12-14, are to re-iterate what’s already known in the literature. Some are in duplication with Introduction and some should go to Materials and Methods (for instance, enzyme kinetics models). Would the authors please re-write to focus the discussion on the data generated in this study? 
Response: The discussion section will be rearranged to maintain the focus of current data. The rearrangement will depend on the results of data fitting. 
Page 16, “The experimental data in Fig. 2 then gives Gbind ≤ -4.73 kcal/mol for the binding of NAD+ to SIRT3”. This should move to Results, Section “Computational Modeling of NAD+ - SIRT3 binding”. Is there an experimental error from the assay to estimate the Gbind window? This might help interpret the calculated binding energies? 
Response: PNAS paper provided binding affinity data from Microscale Thermophorosis (MST). We may include them into our discussion section.  
· Discussion, Section “Activation of SIRT3 by Derepression”  It appears that a lot of discussion here are about literature summary. Figure 12 is misleading because no actual experiment was carried out in this study. One way to improve this section is to carry out the same experiments for SIRT3 and discuss the results instead. 
Response: The discussion section has been trimmed and arranged to maintain the focus of current data. 
· Materials and Methods, Section “In silico Docking and binding Affinity Estimation” 

The one page worth (Page 27) of “commentary” on strength and weakness of docking and MM-GBSA can be shortened drastically and be replaced with relevant references. The authors may want to use this space to provide the actual computational details, including assessment of various PDB structures and system preparation of ternary SIRT3 complexes for meaningful docking/MM-GBSA studies. 

Under “Induced fit docking method (B)”, Page 30, the authors commented “in particularly, Arg36 in Sir2Af2 (1YC2) sterically hinders the B pocket”. It appears highly unlikely that Arg36 could still hinder pocket B access under induced fit docking. First, Arg36 is flexible and solvent exposed. The only way I could see Arg36 could not be moved by induced fit docking method is when 1YC2 was used as a whole for docking (which has five copies of Sir2 in an asymmetric cell) and Arg36 has no room to move due to crystal packing. If this is not the case, could the authors provide some explanation?
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