Nov. 4 and 12, 2012 

Notes / Tasks related to the Sirtuin Paper.  

Sections in white or yellow highlighted text are from Nov. 4.  Green highlighted text is new comments from Nov. 12.  Numbers correspond to the list of issues RC added to the wiki “docking simulations” page on Nov. 4.
1) * *pg 29-34: Clarify specification of which induced fit protocol was used to get these binding affinities. 4/20, 8/10 of docked structures – refer to the same docking protocol?


Answer:  NO, they do not refer to the same protocol.  As described in the methods section:  .  
Since SIRT3 had no publically available cocrystallized structures with NAD+ in the AB or AC pockets, the induced fit protocol was used to dock NAD+ into the AC pocket [figure 15, 8/10 docked].  Neither traditional docking nor the induced fit protocol were sufficient to dock NAD+ into the AB pocket, thus a customized induced fit method was used to dock inhibitors/activators and NAD+ into the AC pocket, as described below [figure 14, 4/20 docked].  
Thus, the highlighted phrases were added to the captions of figures 14 and 15:

· Figure 14: 4 out of the top 20 (based on the emodel glide score; colored white) docked the NAD+ into the AB pocket of SIRT3 using the customized induced fit protocol described in the methods section. Similar to the other figure with AC pocket docking from this same simulation, NAD+ in the AC pocket from the co-crystallized structure of 1YC2:B is red.  The 2 structures from 1YC2 (chains A and D) with NAD+ in the AB pocket are pink. The rank order of these 4 structures was 11, 13, 17, and 18 with RMSD to the superimposed 1YC2:A NAD+ of 2.18, 1.82, 2.17, 2.48 Å, respectively.  

· Figure 15:   8 out of top 10 (based on emodel glide score) docked the NAD+ into the AC pocket of SIRT3 using the standard induced fit docking protocol.  Green are these 8 molecules.  Red is the NAD+ in the AC pocket from the co-crystallized structure of 1YC2:B.  Pink are the 2 structures from 1YC2 (chains A and D) with NAD+ in the AB pocket.  The amide from the nicotinamide is pointing in both directions.
4) * *Do we have the MM-GBSA binding affinities for iso-NAM?


Yes.  I will add these figures soon.  


Still working on this.  I found the files, and am working through them now. 

6) * *Bottom of pg 10: further description in methods section on why docking scoring functions rather than MM-GBSA are used for sampling poses (be aware of length).

You bring up an interesting issue here:  why didn’t I use MM-GBSA as the docking scoring function?   3 reasons:

1) the other papers used the Glide score first to find the poses, then rescored those poses using MM-GBSA.  

2) Using MM-GBSA as the scoring function requires possibly time consuming hacking of Glide

3) The glide score has been optimized to find correct poses

Below is the section you referred to.  I added the highlighted section.  


The scoring functions in Glide and other docking programs are optimized to minimize the RMSD difference between predicted and x-ray determined structures for a large database of co-crystallized protein-ligand structures [FIND REFERENCE FOR THIS], rather than optimized to predict binding affinity.  Thus using the standard scoring functions to predict poses, then subsequently re-scoring those poses with MM-GBSA offers better correlation to actual binding affinities as long as the Glide predicted poses are close to the true binding mode.
· (RC 2012.11.07)  Why is it that better correspondence with experimentally determined geometries with GlideScore vs. MM-GBSA, even though MM-GBSA is better at getting binding affinities?  Must be made clearer.  

· (RC) Put references to why GlideScoring function is used over all others for finding poses:  it is really superior?  

· Answer:  the GlideScore is one of the top scoring functions for finding the correct binding modes, as recently tested in a large dataset of x-ray resolved protein-ligand complexes Repasky et al., Journal of Computer-Aided Molecular Design. 2012()
  Also, the 2004 Glide paper is one of the most highly sighted docking method papers with 1283 citations Halgren et al., J Med Chem. 2004()
.  Please note that there is debate as to which scoring function is actually best.  

· WRT MM-GBSA vs. an empirical docking function such as Glide:  

· Due to limited computational resources when docking a very large library of compounds, a more computationally efficient scoring function such as Glide has often been used to identify the binding pose of the ligand.  Some methods then use a computationally more time consuming method, such as MM-GBSA, to subsequently rank order the ligands or estimate binding affinity.  Two issues here:  

· Increased computational power allows for more rigorous scoring function, such as MM-GBSA to be used for docking as well as ranking/binding affinity.  

· MM-GBSA is not computationally intensive relative to other methods, but it is more intensive than an empirical scoring function such as Glide. 
· So, YES, MM-GBSA can be used as both the docking and ranking/binding function.  And it has been used and tested as such.  Previous studies with using MD to rank order the ligands and estimate binding affinity with an MM-GBSA scoring function have been successful.  Note that these are not docking, but MD.   

· Previous studies:  Page, C. S.; Bates, P. A. J Comput Chem 2006, 27, 1990.   Pearlman, D. A. J Med Chem 2005, 48, 7796.   Kuhn, B.; Gerber, P.; Schulz-Gasch, T.; Stahl, M. J Med Chem 2005, 48, 4040.    Wang, W.; Kollman, P. A. Proc Natl Acad Sci USA 2001, 98, 14937.   Hou, T. J.; Zhu, L. L.; Chen, L. R.; Xu, X. J. J Chem Inform Comp Sci 2003, 43, 273.    Guimaraes, C. R. W.; Cardozo, M. J Chem Inform Model 2008, 48, 958.

· Wang et al report in 2011 that MM-GBSA scoring functions used for both docking and scoring / binding affinity estimation produced better results than using common docking functions such as Glide Hou et al., J Comput Chem. 2011()
.  Note that I don’t thing they tested using an empirical docking function such as Glide, then subsequently using MM-GBSA (what we did).  Wang et al was either only standard docking functions for both docking and scoring, or only MM-GBSA for docking and scoring.  Although I need to double check this.  
· RC conjecture:  GlideScore is more slowly varying function given small changes in the pose, therefore it is a better function for finding the optimal pose.  Whereas, the MM-GBSA or other scoring function, which although better at estimating the binding affinity given the correct binding mode, are more sensitive to pose changes, and not an optimal pose searching scoring function.    Find reference for this?  Is the is a good explanation?

· I have not answered this yet, but I did find the above reference which successfully used MM-GBSA for both docking and final scoring.  

7) * *Related to 6), a breakdown of the components of a Glidescore and comparison to the MM-GBSA scoring function.


Glidescore is a proprietary scoring function that contains a number of descriptors and empirically determined weighting factors, while the MM-GBSA function contains only the standard molecular mechanics energy term, plus the Generalized Born solvation energy and the solvent accessible surface area.  
· RC: Are some of the things in the GlideScore empirically added?  

· Answer:  YES

Glidescore:

GScore = 0.05*vdW + 0.15*Coul + Lipo + Hbond + Metal + Rewards + RotB + Site
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MM-GBSA
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∆EMM
E{protein-ligand complex} -  [ E{unliganded protein} + E{free ligand} ]
∆GSOLV
Difference in the GBSA solvation energy of the complex and the sum of the solvation energies for the ligand and unliganded protein

∆GSA  
Difference in the surface area energy for the complex and the sum of the surface area energies for the ligand and uncomplexed protein
15) * *Discuss normalization of MM-GBSA binding affinities. EK to post a paper on this. We will probably just mention that normalization can’t be done here but could be done with a larger dataset on sirtuins/sirtuin inhibitors.
· Answer:  normalization is not necessary.  We can remove this completely from the paper.  

· Why?  What I meant by normalization:  a shifted and scaled version of the raw docking score or MM-GBSA score to more closely match the experimentally observed binding affinity.  i.e., a single variable linear regression of docking score (or MM-GBSA value) vs. experimentally determined binding affinity.   However, a search through the literature of MM-GBSA calculated binding affinities or ranking docking poses does not turn up references which do this scaling to experiment.  Rather, the papers plot correlations to experimental binding affinity and they report the correlation coefficient.   

· I think this “normalization” comment came from previous discussions of papers which use linear regression to correlate empirical docking functions to binding affinity.  However, even for these docking scores, a homologous set of ligands is needed for the regression.  Normalized data is done by doing a linear regression on docking score vs. the observed binding affinity for a training set of data.   This requires a statistically meaningful training set of data, which we do not have here, as we are only reporting on the difference between two binding modes of the same molecule, NAD+.  Additionally, the normalized data assumes similar binding modes.  

Meeting:  Xiangying and Eric on Mon. Nov. 12, 2012

· Editing issues:

· Around page 35, references in text to figures 6 and 7 are not numbered correctly.  Fix the dynamic links to the correct figure numbers

· What is the conclusion about why iso-nicotinamide and nicotinamide dock in different modes?

· On page 35 of manuscript.

· Should I add more of a discussion of what is going on here?  

· Answer:  rework discussion to clarify that the computational results show that iso-nicotinamide supports inhibition relief of nicotinamide.  Docking shows that Iso-nicotinamide binds to the same active site (pocket C) as nicotinamide.  Since the iso-NAM cannot partipate in the reverse reaction as NAM does, the reverse reaction is blocked.  I’m not sure on the meaning of the different binding mode between iso-NAM and NAM.  Some of the docking has them in similar binding modes, while some of the docked complexes are in a different binding mode.  What is important is that all highly ranked docked iso-NAM complexes are in the C-pocket.  

· Xiangying mensioned Dr. Sauv has papers with detailed studies on iso-nicotinamide blocking.  

· One important question is of the relative binding affinities between iso-NAM and NAM.    Report the results of these simulations, which I’ve done, but not yet fully reported. 

· Note:  experimentally, Xiangying is not sure if the 20% inhibition relief by iso-NAM is significant enough to report.  

· Computationally, the results from Sir2 are more compelling because of a better starting crystal structure with NAM in the C pocket.  SIRT3 does not have such a publically available crystal structure. 

· SIRT3 results also show that iso-NAM and NAM bind in the C pocket.  Also report the MM-GBSA binding affinity estimates for iso-NAM in SIRT3 (although these estimates are less reliable than that for Sir2 due no available starting crystal structure that does contains the complexed NAD or NAM.)

· Reduce the length of the computational method section

· Xiangying suggested moving some of the computational details to the supplementary material.  For example, in Journal of Molecular Biology, I can add many pages to the supplementary section.

· Loops:

· Some mention in the paper, but since the longer loop prediction for SIRT3 did not work with the methods I used, there will be less of a discussion about computational results from these loops.  Raj may be concerned about reviewer comments regarding SIRT3 loops.  So include enough discussion / detail as appropriate about the loops, mentioning that future simulations may elucidate 

· Starting structure of SIRT3:  is the sequence truncated?  

· It is 3GLT.  I’ll look it up.  
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