Jan 14, 2013

Overview of projects, with timeline dates.

Verifty MCMM calculations from Cardozo paper

· Paper:  Cardozo, C.R.W.G., and Mario (2008). MM-GB/SA Rescoring of Docking Poses in Structure-Based Lead Optimization. J Chem Inf Model.
· Why this is important for us?  It relates to the simulation I reported in the our draft paper.  I am trying to verify that these numbers make sense by redoing other authors’ published results on which I based some of our methods.  

· The Cardozo paper tested 4 diverse proteins:  CDK2, FactorXa, Thrombin, and HIV-RT

· Each protein had a set of cogeneric ligands

· Results:  MM-GB/SA rescoring improved binding affinity correlation for ALL proteins

· MCMM (Monte Carlo Multiple Minimum) method to add ensemble averages for the unbound ligand as well as unbound ligand entropy provided 

· MM-GB/SA alone (without unbound ligand MCMM ensemble averages) greatly improved correlation for all ligands

· Adding MM-GB/SA   AND  unbound ligand MCMM  ONLY improved results for flexible ligands (as expected)

· Thus, I will chose to retest the protein with the most flexible ligands:  Thrombin Inhibitors
· PDB CODES:  1D4P,  1DWC,  1K22,  1KTS, 1KTT, 1MU6, 1OYT, 1SB1, 1T4U, 1TA2, 1WAY, 1YPE, 1YPK, 1YPM, 1ZGI, 1ZGV, 

· Above PDB files are the co-crystallized protein-ligand complexes

· The plan is to rescore a few of the Thrombin inhibitors from the PDB codes listed above.  

· Steps:

1. Report on literature review:  what are some of the scoring numbers reported from various other papers?  Are they as positive as I got for NAD+ with large molecules?  

2. One of the first steps is to look up the names of each inhibitor from those co-crystallized structures and find the reported experimental pKi values.  Based on these values, I can figure out which datapoints on the graph of figure 11(b) and 11(c) correspond to which ligands.  This is necessary because the paper does not report individual results showing which ligand goes with which experimental pKi value and the corresponding MM-GB/SA calculated value. 

i. Jan 21

3. Procedure for Glide docking and MM-GB/SA rescoring followed by MCMM ensemble calculations will follow the methods section from the paper.  The paper used an older version of Schrodinger software.  There are some differences that will become more clear as I go through the procedure.   Figure (4) in the paper describes the calculation of the final scores and the individual components of the score, as well as the particular protocols used in the Schrodinger software.
i. Jan 25
Finish our paper

· After verifying the Cardozo paper’s numbers, I will finish the results for our paper.  

· If I replicate the Cardozo paper results, then the numbers I previously reported in our paper are the final ones we will report.  Physically unrealistic scores (i.e., positive MM-GB/SA binding scores or very large magnitude scores) are appropriate, because these are NOT absolute binding affinities.  Rather, they are scores that are best used for rank ordering, which is fine for part of our purposes in explaining the mechanism.  For example, the AB vs. AC scores being approximately supports non-competitive inhibition.  

· A few simulations need to be finished – like Sir2 MCMM ensemble calculations for AB and AC NAD+.

· Xiangying reports SIRT1 experimental values.  However, no SIRT1 xray structures are available.  Investigate doing a homology model for docking.  

· I did a BLAST search of the PDB using the human SIRT1 sequence as the querry.  No SIRT1 structures are in the PDB.   But lots of SIRT3 and SIRT2, as well as Sir2 structures come up.

Virtual Screening:

· Have Karthik start learning about virtual screening and doing tutorials, as I emailed him.  

· Students from Anna University:  plan on having them follow along with me and Karthik, rather then providing essential research help.  Since they are no longer getting credit for our project, they may have less incentive to work.  While we may find a very motivated and clever student, at worst we will instruct them, and invest minimal time.  

· Outline of steps (with timeline)

1. Compile database of molecules to screen.  Xiangying has done a lot of work collecting dozens of sirtuin inhibitor molecules, many of which have been experimentally screened.   We can add to this list by culling over more papers on sirtuins.  Additionally, there are general libraries of compounds, such as the Zinc database.  This database is a publically available library of 21 million commercially available 

i. Jan 25 – have list of molecules from papers and options for zinc database (which partition of database, or alternative publically available database)

2. Prepare the database of molecules for screening.  Molecules must be in the proper file format.  Additional preparations are done, such as calculating charges on the atoms and determining starting conformations for docking.

i. Jan 31

3. Prepare the protein active site for docking.  Preparation starts from a high-resolution x-ray structure of SIRT3 and Sir2 available from the PDB.  Multiple subsequent steps are necessary

i. Feb 4

4. Set up the screening calculation by defining the docking volume, as well as constraints. 

i. Feb 4

5. Screen the library of compounds for each of the protein active sites.  Currently, the initial screening will use Glide with the GlideScore empirical docking function, which outputs a list of highly ranked docked poses for each molecule. 

i. Feb 6 – start screening calculations.  Duration – unknown – days or weeks, depending on number of molecules and precision of docking

6. Rescore the highly ranked poses for each molecule with the MM-GBSA function.  Re-rank the results.  Note that MM-GBSA is not used for docking in this procedure.  It is only used for the final score and rank ordering given the GlideScore determined protein-ligand complex poses.

i. Feb. 14

7. Report the list of highly ranked molecules.  Individually investigate these molecules and poses to understand the important features of protein-ligand interactions necessary for high affinity ligands.  Correlate the computationally predicted rank ordering with experiment for molecules for which we have experimental binding affinities or kinetic data,

i. Feb. 22

Molecular Dynamics

· Outline of steps 

1. Set up the software on AWS cloud

i. Download and get permission to run desmond

ii. Install on AWS virtual machine

iii. Estimate costs for running various simulations with various levels of parallelism.  

iv. Jan 31

2. Determine which MD method:  LIE, TI, etc.

i. Plusses and minuses of each simulation

ii. More completely specify goals of MD.  Right now, the goal is to estimate the absolute binding affinity of NAD+ in the AB vs. AC conformations of SIR2 and SIRT3.  Besides observing movements of side chains and loops near these pockets, are there any other particular hypothesis we are testing?  There are, and they will be based on other published conclusions mainly from the previous analysis of the xray structures and proposed mechanism.

iii. Feb 28

3. Start running the simulations

i. Feb. 28 – mid March

4. Analysis of simulations

i. mid March.                                            

