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Latest strategy notes
Goals
We have 3 main goals, of increasing complexity to discover:

1) 3D properties of binding:  

a) Important protein-ligand intermolecular interactions:  H-bonds, hydrophobic pockets, charge groups, etc.
b) Conformation of ligand; intramolecular contacts

c) Conformation of side chains and backbone in binding pocket

d) Larger conformational issues of protein

i) longer loop prediction

ii) large domain movement
iii) Not possible with docking or simple MM-GBSA
2) Basic virtual screening

a) Not about good correlation between predicted and experimental binding affinity, but a simple screen to rule out molecules, which will not bind at all, and molecules that may bind. 

b) False positives:  screen finds some molecules that actually do not bind.   For example, of the molecules found in the screen, a very reasonable number would be 33% would actually bind.

c) False negatives:  screen does not find molecules that actually bind.  Expected if large conformational changes or pockets are collapsed in structure. 

3) Predicting free energy of binding

i) Much more difficult, especially if don't have a congeneric series with a co-crystallized x-ray structure. 
ii) Ideas below to test.
Starting structure 

SIRT3 has no co-crystallized structure with the cofactor NAD+ nor an inhibitor;  i.e., no structural information is  available about NAD+ or inhibitor in C pcoket.  The situation is similar for many publications with human SIRT2.  Because of the homology of human Sirt2 to bacterial Sir2, "it is clear that the interaction between NAD+ and Sirt2 is similar to that of the bacterial X-ray structure.“
Project 1:

· Goal:  Addresses issue of whether we absolutely need molecular dynamics or Monte Carlo.  Can we use the simpler Prime MM-GBSA from the GlideXP docked structures into the SIRT3 binding pocket?

· Data and Methods:  Sirt2 Data from these papers:  
 ADDIN EN.CITE 
(Uciechowska et al., 2008)
  Trapp et al., 2007()
 and others.  In particular, reference 
 ADDIN EN.CITE 
(Uciechowska et al., 2008)
 provides a great test case.  In that paper, they used a more sophisticated MD approach with MM-PBSA to estimate ∆G_bind, while stating that simple GOLD docking scores do not work.  These papers contain multiple cogeneric series of ligands with experimental binding affinity (IC_50).  We could apply the GlideXP docked MM-GBSA approach we’ve used starting with the same Sirt2 un-complexed structure that they used (PDB:1J8F).  There are many similarities between the SIRT3 case and the SIRT2 case.  For both, there is only an un-complexed PDB structure available without an inhibitor nor NAD+ co-crystallized.  
· Hypothesis:  Estimating ∆G_bind with non-MD MM-GBSA from the un-complexed Sirt2 crystal structure will be slightly better than standard docking scores.  I am not sure if the MM-GBSA scores will give a high correlation to experimental ∆G_bind.  If there is a high correlation between the MM-GBSA scores, this itself is worthy of a paper, and would validate this same method for SIRT3 in conjunction with careful analysis of the slightly different situation with the flexible loop in SIRT3 vs. Sir2 or SIRT2.

· Time to do:  2 days.  

Project 2:

· Dock known inhibitors to human SIRT3 x-ray structure mainly to understand important intermolecular protein-ligand interactions.  High correlation between docking scores and experimental ∆G_bind is not expected.  This is a more qualitative study which will be reported in the paper and presentation.  Subsequent to docking known inhibitors of SIRT3, also dock the manually created database of inhibitors of other sirtuins that have not yet been experimentally tested on SIRT3.  Chose the best docked ligands not based on docking score, but based on manual inspection of the docked structures with knowledge of important interactions gleaned from docking the known inhibitors,  We’ve already been working on this database based on the list Xiangying created.  This method is similar to how reference
 ADDIN EN.CITE 
(Uciechowska et al., 2008)
 found 5 new structures, but without the subsequent estimation of ∆G_bind.  
Project 3:

· Molecular dynamics based approach similar to highly cited references Tervo et al., 2004


( ADDIN EN.CITE ; Trapp et al., 2007)
.  In these approaches, MD is used to relax the x-ray structure to prepare a GRID (almost like a pharmacophre) model of the active site.  This GRID, which is not exactly docking, is used to query a very large database.  It is more rapid than docking.  The database we’d use would be the freely available ZINC database with 1+ million compounds, of which we’d use a subset of a few tens of thousands of commercially available drug like molecules.  The hits from this queiry will be GlideXP docked into the MD averaged model of the protein.  If project (1) shows that MM-GBSA can be used to find correlations, then we would rank order the docked structures based on MM-GBSA docked scores.  Otherwise, the hits will be culled based on other properties, such as Lipinski’s rule of 5, to get the number of hits down to a manageable size for manual inspection.  Based on manual inspection, and constraints such as requirement of a critical H-bond, hopefully a small set of molecules will emerge.  Note that although this method uses MD, it is not the more time consuming longer time simulation MD that are used in thermodynamic integration, LIE or the MD +  MM-PBSA medhod describe in Uciechowska et al., 2008


( ADDIN EN.CITE )
.    Thus, the expected correlation between scores and experimental ∆G_bind may not be as strong as desired. 
Paper reviews;


· Uciechowska, U., Schemies, J., Neugebauer, R.C., Huda, E.M., Schmitt, M.L., Meier, R., Verdin, E., Jung, M., and Sippl, W. (2008). Thiobarbiturates as sirtuin inhibitors: virtual screening, free-energy calculations, and biological testing. ChemMedChem 3, 1965-1976.

· Highly cited (23)

· Sirt2:  no co-crystallized structure

· Method:

· Analysis of Sirt2 binding site through homology to Sir2, which has co-crystallized structures with NAD+.  Could not distinguish between productive and non-productive binding modes of NAD+ as well with homology….

· Pre-screen database.  Used 328,000 molecule database.  Only found molecules (390) which were similar to a known high affinity binder.  (this is a limitation, as it eliminates many molecules), but it reduced database to a very manageable size.

· Virtual screening with GOLD docking

· Manual inspection of high ranking docked molecules (131).  Reduced to 5 molecules based on lipophilicity, and ones that make critical H-bond to Gln167
· Molecular Dynamics of the last 5 molecules (along with other molecules that were shown experimentally to bind; total 20).  Used MM-PBSA method with MD snapshots.  AMBER, 6ns simulation.  Got strong correlation (r^2=0.69) with MD method, whereas got no correlation with GOLD docking scores.  

· Test case:  this data set would make an interesting test case for the non-MD MM-GBSA method we’ve used.  Take the same data (both their experimental values and their predicted ∆G_bind from the MD MM-PBSA) and compare to MM-GBSA.  

· Time:  4-5 hours.  

· Benefit:  test what happens in situation where have non-ideal apo enzyme very similar to SIRT3, where do not have co-crystallized NAD+, nor co-crystallized inhibitor.

· Huber, K., Schemies, J., Uciechowska, U., Wagner, J.M., Rumpf, T., Lewrick, F., Suss, R., Sippl, W., Jung, M., and Bracher, F. (2010). Novel 3-arylideneindolin-2-ones as inhibitors of NAD+ -dependent histone deacetylases (sirtuins). J Med Chem 53, 1383-1386.

· Highly cited (22)

· Computational summary:  

· Docking only to look at poses to explain important protein-ligand interactions 

· Apo enzyme SIRT2

· No prediction of binding; no computational used to design molecules.

· Goal:  develop another potent inhibitor of human Sirt1, Sirt2, Sirt3

· How:  combine structural elements of other known inhibitors of Sirt2 (sirtinol, splitomicins, cambinol, thioureas, adenosine mimetics (such as bisindolylmaleimide Ro-31-8220 and oxindole GW5074))

· Method (experimental):  experimentally screen combinations against Sirt 1, -2, and -3.  

· ** has some SIRT3 data

· Method (computational):  docking with GOLD to rationalize findings.  Only wanted to get docked pose to look at intermolecular protein-ligand interactions.  Used human SIRT2 apo structure (PDB:1J8F)  same as previous 2008 work.
· Cen, Y. (2010). Sirtuins inhibitors: The approach to affinity and selectivity. Biochimica et Biophysica Acta (BBA) - Proteins and Proteomics 1804, 1635-1644.

· Highly cited (29)

· Review article of sirtuin inhibitors found through various means (high-throughput screening, mechanism-based drug design from synthetic and natural sources…)
· Very good survey of molecules known to inhibit Sirt1, -2, -3.  

· Does not explain details of how computer modeling done, just that it was done.  

· Distinguishes between 2 types of inhibitors:

· High throughput screening inhibitors

· Mechanism inhibitors, such as thioacetyl  or nicotinamide.  These inhibitors don’t simply bind, but they also make or break a bond, gumming up the catalytic mechanism.
· Kiviranta, P.H., Leppänen, J., Kyrylenko, S., Salo, H.S., Lahtela-Kakkonen, M., Tervo, A.J., Wittekindt, C., Suuronen, T., Kuusisto, E., and Järvinen, T. (2006). N, N'-bisbenzylidenebenzene-1, 4-diamines and N, N'-bisbenzylidenenaphthalene-1, 4-diamines as sirtuin type 2 (SIRT2) inhibitors. Journal of medicinal chemistry 49, 7907-7911.

· Highly cited (34)

· Goal:  synthesize and assay for inhibition in vitro 5 compounds that were previously published in 2004 publication ("An in silico approach to discovering…") Tervo et al., 2004()
   This previous publication did the virtual screening.  

· Method (computational):  docking using Gold and AutoDock with human Sirt2 PDB:1J8F.  Docking was only done to elucidate the binding poses and show that the binding poses are similar to another potent inhibitor, sirtinol.

· Tervo, A.J., Kyrylenko, S., Niskanen, P., Salminen, A., Leppänen, J., Nyrönen, T.H., Järvinen, T., and Poso, A. (2004). An in silico approach to discovering novel inhibitors of human sirtuin type 2. Journal of medicinal chemistry 47, 6292-6298.

· Very highly cited (70)

· Molecular dynamics THEN Docking (Virtual screening of database) based on Sirt2 non co-crystallized structure (uncomplexed form) to find novel inhibitors.

· Preparation of docking structure:  used MD of 1J8F
· Energy minimization (steepest descent) of x-ray structure

· Standard MD simulation with GROMACS for 400 ps in aqueous box, heated to 300K.  RMSD of backbone atoms stabilized after 300 ps.  The average protein structure from tiem frame 350-400ps was calculated.  Then a steepest descent minimization from this average was used.  

· Check quality through PROCHECK

· Note flucuationas in RMSD from starting x-ray structure.  Make sure no large RMSD movements occurred.

· Examining active site to prepare a GRID model of the active site
· Note waters – which ones were present in x-ray structure.  Most were not, so t

· GRID 20 program used to determine possible interaction between amino acids in the active site and small functional groups

· Docked known inhibitors (sirtinol and molecule A3) using GOLD to get supportive information for the favorable interaction calculations and for the observatations of the putative active site.

· Virtual screening:  3 steps
· (1) A GRID based search of the Maybridge database.  Not exactly docking.  The database was querried based on some geometric data from the GRID model of the binding site.  Lipinski’s rule of five were used in searches to get relevant drug like molecules.  Resulted in 66 hits
· (2) Docking of hits from (1) using GOLD

· (3) Visually evaluated the docked conformations, and manually chose 15 of the docked compounds (not based on docking score) based on fulfilling requirements of (1) and other things – like making the proper number of H-bonds, the ability to sterically block the opening of the narrow channel, have a H-bond contact near Asp95 or Arg97, etc….
· Trapp, J., Meier, R., Hongwiset, D., Kassack, M.U., Sippl, W., and Jung, M. (2007). Structure-activity studies on suramin analogues as inhibitors of NAD+-dependent histone deacetylases (sirtuins). ChemMedChem 2, 1419-1431.

· Very highly cited (78)

· Similar to above 2004 paper in methods
· X-ray structure of Sirt2 (uncomplexed) ( modification of loop using Sirt5 homolog that is complexed with inhibitor suramin ( 1 ns MD ( average structure from MD used to create GRID to querry database ( hits that were manually culled were docked using GOLD 
Questions for Schrodinger

· Can Glide allow water molecules to be included in the docking grid, but replaced with ligand atoms, keeping other water interactions that are not replaced?  
For example, 4 co-crystallized water molecules  in the C nicotinamide binding pocket were included in docking model for 2008 Thiobarbiturates as docking model study 
 ADDIN EN.CITE 
(Uciechowska et al., 2008)
.  They used GOLD, which allows one to replace or use water molecules as mediators for docking (called water toggle mode).

· See this answer from the Schrodinger knowledge base.  Basically, no toggle mode.  Must prepare two separate structures if want to test importance of water: one with and one without the given water molecule in the active site.  They say that don’t include the water will not affect solvation effects, because GlideXP and SP contain solvation terms and place virtual waters in the pocket during docking.  But this is still not as good as having the correct model with the proper water molecules there in the correct x-ray determined position.

· This answer recommends deleting all waters in the active site:
We usually recommend deleting waters from the receptor structure, because Glide has its own methods for considering the solvation environment of the ligand and active site. Also, if you will be docking multiple ligands (e.g., for screening), while an explicit water could help with docking some ligands, it could interfere with the docking of other ligands. Remember that as part of the fixed receptor structure, the water won't be able to move to accommodate different ligands

· Which databases for screening do you recommend?  How much do they cost?

· Chembridge? 

· Maybridge

· PDB bind  (mainly used for validating methods?)

· Multiple docking runs?

· Some of literature on docking with GOLD runs the docking multiple times (something is stochastic, I’m guessing).  For example, this paper runs the docking 10 times per ligand 
 ADDIN EN.CITE 
(Uciechowska et al., 2008)
. 

· Do we need to do this with Glide?
· More questions to follow.  This list is on going.
RANDOM NOTES
Experimental Studies for Xianghing to do:

Any high affinity inhibitors can be docked to SIRT3, and used as a basis to understand which pockets (A, B, or C) and with which residues the inhibitors interact.  The docking studies will position those inhibitors.  

· Splitomicin and derivatives.  

· Highly cited Thiobarbituates article from 2008 (23 citations as of 2013.03) 
 ADDIN EN.CITE 
(Uciechowska et al., 2008)
 based part of their models on docking splitomicin to human Sirt2.  

· Sirtinol

· Cambinol

· thioureas

1) find some initial high affinity inhibitors.  

a. Search through literature to find all high affinity inhibitors from previous publications.  Both inhibitors to SIRT3 best.  But also look at inhibitors to other sirtuins.  

b. Dock all these inhibitors to the rough model of SIRT3 that we have from the apo structure.  Rank order them.  

c. If have time, do MD based refinement with MD based ∆G_bind estimations.

2) Experimentally determine inhibition

3) Refine model based on inhibitors with very high affinity.  

a. Dock the inhibitors with high affinity to the apo structure

b. Do MD to refine this structure

c. Take the refined structure with the docked high affinity inhibiors, then use this to create a new grid for docking.  

4) Second round virtual screening

a. With the second round, open up the virtual screening to a larger database.  The first round only contained molecules which were shown to be inhibitors of any sirtuin.  In this next virtual screen, screen a much larger database.

Molecular Dynamics

1) Which method best to employ?

2) How long will the simulations take?

a) how many ns/day on how many CPU's?  How many ns needed?  How many replicas?  

b) use GPU's?

3) Which MD engine?

a) CHARMM

b) GROMACS

c) VMD

d) AMBER

e) Desmond

f) NAMD
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