MM-GBSA Literature Review.  

Most literature related to MM-GBSA is about using MM-GBSA in conjunction with a MD or monte carlo sampling method.  The below papers are some recent ones strictly using MM-GBSA for static docking re-scoring.
· Guimarães, C. R. (2012). MM-GB/SA rescoring of docking poses. Methods in Molecular Biology (Clifton, NJ), 819, 255-268.

· Link
· From Book COMPUTATIONAL DRUG DISCOVERY AND DESIGN

· Review of Guimaraes 2008 article with additional info on WaterMap and compared to other methods.

· Final conclusion: MM-GBSA is superior (to standard scoring functions, such as GlideXP) for re-scoring docked poses for a congeneric series of ligands.

· Tested on a number of systems such as Factor X

· Grewal, B. K., & Elizabeth Sobhia, M. (2012). Identification of specific features of inhibition of PKCβII and its potential lead by shape-based virtual screening and molecular docking studies. Bioorganic & medicinal chemistry letters.

· From National Institute of Pharmaceutical Education and Research (NIPER), Nagar, Punjab 160062, India

· I don't have full access to this journal, so my analysis is based on the abstract and figures from the freely available parts of the paper here.

· Optimized a lead inhibitor of this enzyme important in diabetes.

· They docked congeneric molecules, and used PRIME MM-GBSA to re-score.

· Appears that they ONLY docked and scored, but did NOT compare predictions to experiment.

· Hayes, Joseph M., et al. "Kinetics, in silico docking, molecular dynamics, and MM‐GBSA binding studies on prototype indirubins, KT5720, and staurosporine as phosphorylase kinase ATP‐binding site inhibitors: The role of water molecules examined." Proteins: Structure, Function, and Bioinformatics 79.3 (2011): 703-719.

· studied inhibition of an important diabetes related enzyme

· developed homology model, which then used for docking, MD and MM-GBSA to predict the binding characteristics of the 4 inhibitors.

· linked simulations results to some kinetic experiments

· MM-GBSA revealed the key electrostatics causing the high binding affinity

· Schrodinger Induced fit was found to be as good as full MD for predicting binding poses. But Induced fit did not work well when there were key structural waters in the active site with the inhibitor.

· Hayes, J. M., & Archontis, G. (2011). MM-GBSA Calculations of Protein-Ligand Binding Free Energies. JR Soc Interface: InTech, 171-190.

· pdf
· Docking calculations currently have limited success beyond the lead identification stage

· For free energy calculations, need more accurate lower-throughput computational methods such as MM-GBSA used with MD. This article describes how to use MM-GBSA as the continuum solvent model with MD.

· Tsitsanou, Katerina E., et al. "Sourcing the affinity of flavonoids for the glycogen phosphorylase inhibitor site via crystallography, kinetics and QM/MM-PBSA binding studies: comparison of chrysin and flavopiridol." Food and Chemical Toxicology (2012).

· Not what we will do, but interesting because combined MM-GBSA with QM/MM to more accuratly re-score Glide docked poses. The QM was needed to correctly model the Pi stacking in the conjugated flavanoid system. The QM-MM-GBSA re-scoring correctly rank ordered conjugated systems

· Greenidge, P. A., Kramer, C., Mozziconacci, J. C., & Wolf, R. M. (2012). MM/GBSA Binding Energy Prediction on the PDBbind Data Set: Successes, Failures, and Directions for Further Improvement. Journal of Chemical Information and Modeling.

· Tested MM-GBSA re-scoring on a set of 855 diverse protein-ligand compounds from the PDBbind data set, for which we have experimental binding affinities. Correlation to experiment: R^2=0.63

· Under- and overestimation of computed affinities come from these missing properties: explicit solvent, ligand strain, and entropy

· Uses Schrodinger software, and has one Schrodinger co-author

· Balaji, B., & Ramanathan, M. (2011). Prediction of estrogen receptor β ligands potency and selectivity by docking and MM-GBSA scoring methods using three different scaffolds. Journal of Enzyme Inhibition and Medicinal Chemistry, (00), 1-13.

· From an indian group.

· Not sure this is a reputable journal.

· They docked the inhibitors using Glide, then re-scored using MM-GBSA, and got a better correlation to experiment of R^2=0.74

Other MM-GBSA articles, but ones that use MM-GBSA with MD or monte carlo sampling methods.  These more advanced sampling methods using MM-GBSA are more common for estimating binding affinity in the literature.  Below is a small sample of the literature.
· Genheden, S., & Ryde, U. (2011). Comparison of the efficiency of the LIE and MM/GBSA methods to calculate ligand-binding energies. Journal of Chemical Theory and Computation, 7(11), 3768-3778.

· Wallnoefer, H. G., Liedl, K. R., & Fox, T. (2011). A challenging system: Free energy prediction for factor Xa. Journal of Computational Chemistry, 32(8), 1743-1752.  Link.

· MM-GBSA only worked well when some key water molecules were explicitly included.

· Guimarães, C. R. (2011). A direct comparison of the MM-GB/SA scoring procedure and free-energy perturbation calculations using Carbonic Anhydrase as a test case: Strengths and pitfalls of each approach. Journal of Chemical Theory and Computation, 7(7), 2296-2306.

· MM-GBSA using MCPRO+ from Schrodinger vs. Desmond FEP.

· both methods use sampling techniques. MCPRO+ is monte carlo.

· article on MCPRO+ from Schrodinger.   Maybe something to consider for doing binding affinity estimates.

· Biomolecular Simulations: Methods and Protocols (Methods in Molecular Biology) Luca Monticelli (Editor), Emppu Salonen (Editor) (2013)

· Chapt. 11: An Introduction to Best Practices in Free Energy Calculations, Michael R. Shirts

· Chapt. 12: Recipes for Free Energy Calculations in Biomolecular Systems

· Chapt. 13: Molecular Docking Methodologies

· This is not for docking, but our later MD Free energy calculations

