Protocol for Ligand Docking 

Protein Preparation Steps:  
1. Preprocess structure:

1. Alignment:  yes.  NOTE:  (15) 3GLT was 1st aligned to (7) 1YC2 chain B (Sir2Af2 with NAD+ in AC pocket).  Then, all other SIRT3 structures were aligned to (15) 3GLT.

2. assign bond orders: T

3. add hydrogens: T  

4. remove original hydrogens: F

5. create zero-order bonds to metals: T

6. convert selenomethionines to methionines:  F

7. Fill in missing side chains using Prime:  T

8. Fill in missing loops using Prime:  F

9. Cap termini: T

10. Cap small peptide fragments:  T    (watch out for this.  this probably caps the Acetyl-lysine containing peptide substrate; will this cause problems for steric clashes??)

11. Delete waters beyond [5 Å]:  T

2. Generate states:

1. Epik created states for pH 7.0 +/- 3.0

3. H-bond assignment

1. Sample water orientations:  T

2. Use crystal symmetry:  T

3. Minimize hydrogens of altered species:  F

4. Use PROPKA; pH [7.0];  T     label pKas: F

4. Remove waters

1. remove waters with less than 3 H-bonds to non-waters

5. Restrained minimization 

1. converge heavy atoms to RMSD: 0.30 Å 

2. Hydrogens only:  F

3. Force Field:  OPLS 2005

Standard Glide Docking:  Step 1 – Generate the Grid
1. Receptor Information

1. Define the receptor

1. pick the NAD+ ligand (entire molecule).  If the NAD+ is not available because it is an altered intermediate molecule or absent, that's OK.  This step is to exclude the ligand molecule from the grid calculation.  Just make sure that any intermediate that blocks the NAD+ pocket has been removed.

2. Van der Waals radius scaling

1. To soften the potential for nonpolar parts of the receptor, one can scale the van der Waals radii of receptor atoms with partial atomic charge less than the specified cutoff.  All other atoms in the receptor will not be scaled.  

2. Default values:  Scaling factor 1.0    Partial charge cutoff: 0.25

3. Unless otherwise noted, default values used.  These values were only changed in attempts to get the cross docking of NAD+ into the AB pocket of SIRT3

4. Per-atom scale factors are also available.  I did not use this.

3. Use Input partial charges:  T

1. I used partial charges from the input structures instead of those from the force field – I believe this is important for the NAD+, which had partial charges determined by Epik, which predicts the pKa of the ionizable atoms and partial charges.  I assume that partial charges for protein atoms default to the OPLS partial charges.  (check this???)

2. Docking Site specification

1. The docked ligand is confined to an enclosed box defined by the centroid of the workspace ligand (the NAD+ that is in the crystal structure)

2. If there was no NAD+ present in the starting structure, or if there is an altered NAD+ intermediate, I specified a residue in the middle of where the NAD+ is known to bind (near the NAD+ phosphates) and defined a box of about 20 Å a side from this center position. 

3. I then shrank the box size to the smallest box that encompasses the known NAD+ ABC binding pockets.  

3. Constraints

1. Glide constraints are receptor-ligand interactions that you believe to be important to the binding mode.

2. There three classes of constraints available in standard Glide are Positional, H-bond or metal, and hydrophobic.  

3. Note that Induced Fit only has H-bond / metal constraints available.  It is not possible to have a positional constraint, or a hydrophobic.

4. Notes in specific docking simulations enumerate constraints that were used.

4. Rotatable groups:  

1. allows for rotation of receptor hydroxyl and thiol groups

2. Not available for Induced Fit specifically, as induced fit samples these rotations by default.

3. I did not use this capability – maybe I should try it for SIRT3?

5. Excluded Volumes

1. Not available for Induce Fit.

2. Defines excluded vaolumes that should not be occupied by any ligand atom during docking.The center of the sphere is the centroid of the picked atoms.  The strength of the repulsive potential can be chosen during the later docking step.

3. Notes in specific docking simulations enumerate which ones had excluded volume constraints.  In general, excluded volumes were only used. 

Glide Ligand Docking.
1. Overall Settings

1. Use the receptor grid created in the previous step

2. Docking

1. Precision:  chose either SP (standard precision) or XP (extra precision)

1. Most simulations were done with XP, unless otherwise noted

2. Ligand Sampling:  flexible, rigid, none (in place scoring)

1. all three modes were used, as noted in the specific simulations

2. Sample ligand nitrogen inversions:  T  

3. Sample ligand ring conformations: T

4. Include ligand ring input: T

3. Bias sampling of torsions for amides only

4. Add Epik state penalties to docking score

5. Apply large excluded volume penalties when excluded volumes were defined in the receptor grid

6. Ring sampling energy window:  2.5 kcal/mol (default)

7. selection of initial poses

1. these settings control how many poses pass through the initial Glide screens

2. keep 5000 poses per ligand for the initial phase of docking (default)

1. 1. mostly left as default, but increased for SIRT3 AB docking attempts. 

3. Scoring window for keeping initial poses:  100.0 (default)

1. mostly left as default, but increased for SIRT3 AB docking attempts. 

4. keep best 400 poses per ligand for energy minimization (default)

1. mostly left as default, but increased for SIRT3 AB docking attempts. 

5. energy minimization:  these settings control the minimization protocol

1. distance-dependent dielectric constant: 2.0 (default) (never changed)

2. maximum number of minimization steps: 100 (default)  (never changed)

3. Ligands

1. Ligands were prepared with LigPrep

1. mostly used one input conformation for the ligand

2. the one exception was a collection of low energy conformation created with ligprep for NAD+ to get the ligand to dock into the AB pocket for SIRT3.

2. Scaling of van der Waals radii

1. Scaling factor: 0.8 (default)      Partial charge cutoff: 0.15 (default – never changed).

2. docking simulations that were difficult (SIRT3 AB, and certain Sir2 AB cross docking), the scaling factor was reduced

3. Core

1. used when Glide docks multiple ligands, which I did not do.  Core refers to the core atoms of a ligand.  No Core parameters are used.

4. Intermolecular protein-ligand Constraints:

1. constraints previously specified in the grid generation can be toggled

2. If any constraints were defined in the grid generation (to imporve docking in SIRT3 or Sir2 AB), all were used

5. Tortional constraints on the ligand

1. Most simulations did not define tortional constraints, with the exception of cases for AB cross docking with Sir2 and SIRT3 that had dificulty.  In those cases, some simulations constrained torsional angles near the nicotinamide end of the NAD+ to force the nicotinamide into the B pocket.  The Sir2 cross docking simulation into the AB pocket  was improved by this constraint, while the SIRT3 cross docking into the AB pocket still failed.

4. Output

1. Write pose viewer file, that includes the receptor. 

2. Write output in Maestro format

3. Write at most 10,000 poses per docking run

4. Write at most 512 poses per ligand 

5. Perform post docking minimization 

1. Yes, for Sir2 cross docking and in place scoring

2. No, for simulations that did not produce the expected docking – to increase the number of output structures.

3. Write per residue interation scores: T   (so can analyze components of scoring function on a per-residue bases)

Induced Fit
Most of the docking simulations used normal Glide.  However, a number of simulations used the Induced Fit protocol. This protocol uses Glide and Prime to exhaustively consider possible binding modes and the associated conformational changes within receptor active site.  Normal Glide does not enumerate changes to the side chains or backbone of the receptor. 

1. Receptor 

1. The docked ligand is confined to an enclosed box defined by the centroid of the workspace ligand (the NAD+ that is in the crystal structure)

2. If there was no NAD+ present in the starting structure, or if there is an altered NAD+ intermediate, I specified a residue in the middle of where the NAD+ is known to bind (near the NAD+ phosphates) and defined a box of about 20 Å a side from this center position. 

3. I then shrank the box size to the smallest box that encompasses the known NAD+ ABC binding pockets. 

4. Here, H-bond constraints are defined – the only type of constraint available.

2. Ligands

1. Both rigid and flexible docking was attempted.

3. Glide Docking 

1. protein preparation constrained refinement:  F

2. Trim side chains:  Select Trim side chains if you want to temporarily remove side chains of residues before docking to accomidate the ligand and improve side chain flexibility.  These residues are temporarily mutated to alanine.   Some of the simulations that had difficulty used this trick.  I located residues in the B pocket, for example, which had side chains sterically clashing with nicotinamide in the B pocket.

3. Receptor van der Waals scaline:  0.50 (default) 

1. some difficult simulations reduced this scaling factor

4. Ligand van der Waals scaling:  0.50 (default) 

1. some difficult simulations reduced this scaling factor

5. Maximum number of poses:  20  (default)

1. increased for difficult cases.

4. Prime refinement

1. refine residues within 5.0 A of ligand poses  (default)

2. optimize side chains: T   (default)   kept true for all cases

5. Glide redocking

1. redock into structures within 30.0 kcal/mol (default) of the best structure, and within 20 (default) structures overall. 

1. increased to 50.0 kcal/mol and 40 structures for problem cases
2. Precision:  Glide XP and SP both used for problem cases.

Variations of above protocol to get NAD+ docked into the AB pocket of SIRT3 – all of which did not work.

· Defined excluded volumes in the C pocket

· take the AB pose of NAD+ (from one of the Sir2Af2 co-crystallized structures), then superimpose that pose into the SIRT3 protein (3GLT with the intermediate removed).  After backbone superposition and some manual adjustments to the NAD+ in the AB pose, there are a few steric clashes which are removed by an minimization of the active site keeping the ligand atoms harmonically constrained.  This method is used as a "hack" alternative to the Induced Fit protocol.  We had hoped that induced fit would move side chains with small movements in the backbone to accommodate the NAD+ in the AB pose, it failed.  It is possible that this failure was because more movement than the protocol allowed was necessary - i.e., the program 1st tries to dock the ligand into the protein with conflicting side chains removed, that are then re-optimized.  But if the backbone also creates clashes, Induced Fit will fail regardless.  Thus, a 50 step steepest descent minimization with the AB pose forced into the protein should create the necessary accommodations of both backbone and side chains.  I have done this.  However, both Glide XP and SP with rigid re-docking of the NAD+ in this same AB pose fails for reasons I do not yet fully understand.  Flexible docking still results in docking of the NAD+ in poses that do not conform to what is expected (a standard AB pose similar to Sir2).  

· alternative minimization schemes to impose the AB conformation on the SIRT3 active site

· two iterations with lower soft core potentials.  

· torsional constraints on the AB pose

· rigid docking to re-dock the AB posed NAD+, 

· H-bond constraints.  All the H-bond constraints are in the A pocket, and not on the nicotinamide.

· Increased the number of output poses per ligand from 128 to 512 with Glide SP mode.  If the expected AB pose is much further down the list of ligand poses because it has a less favorable energy, it should show up.  It did not.

· Used OPLS partial charges, as opposed to Epik determined partial charges for NAD+.

Things to still try for SIRT3 AB docking.

· tweak the problem areas such that the model starts with the all the expected H-bonds in place.  Certain movement in the minimization or other setup steps may have disturbed one critical H-bond, which is not regained in subsequent steps.  

· Use Monte Carlo and simulated annealing to relax the protein around the NAD+ AB conformation from Sir2Af2. Then minimize the entire protein-ligand complex.  Use this MCSA minimized structure as the starting point for docking.  

· Increase the parameters for the selection of initial poses in Glide.  For example, increase the window for keeping initial poses from 100.0 to 200.0.

· remove the MET which sterically clashing with the B pocket from the peptide substrate.  

· Use a different SIRT3 starting structure, such as 3GLU or 3GLR.  Some simulations were done with 3GLR, but not as comprehensively as with 3GLT.  3GLS (Apo-enzyme) cannot be used because the protein loop is still open between the two domains of the protein before substrate binding.
Details on individual simulations:
Multiple previous emails and documents detailed the multiple simulations for Sir2 and SIRT3.  I will add a comprehensive list of all of these protocol variations in this document soon.  I think it would be helpful to have all the simulations summarized in one place.  

