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The quantitative determination of thermodynamic free energies is critical in the theoretical biophysics. Alchemical free energy perturbation (FEP) and potential of mean force umbrella sampling (US) are attractive methods to overcome the sampling difficulties of the brute-force molecular dynamics (MD) simulations. Nowadays as the degrees of freedom in the ligand-protein-solvent system increase, even the traditional umbrella sampling schemes and FEP become computationally expensive and often suffer from convergence problem. Here we introduce a novel computational strategy for multi-dimension umbrella sampling simulations of complex biological system on massively distributed supercomputers. The approach involves coupling thousands of windows along 2-dimension order parameters with Hamiltonian-Exchange algorithm to enhance sampling of each window. Hamiltonian-Exchanges are allowed to occur alternatively along the two axes corresponding to the two-dimension reaction coordinates. The method has been implemented in the program CHARMM
 and most recently in the greatly scalable MD package program NAMD2.9b.
The first application of 2D US/REMD method is calculating the absolute binding free energy of calcium ion to Calbindin D9k. 2D umbrella sampling MD simulation was performed on leadership supercomputer IBM Blue Gene/P. A large number of windows (4096 replicas) are employed to achieve meaningful acceptance ratio (~30%). The tests demonstrate that the 2D Hamiltonian-exchange scheme, compare with regular umbrella sampling, significantly accelerates the configurational sampling of the binding pocket, thereby improving the convergence of the free energy computations
. Aided by the massively distributed computing power of leadership platform, 2D US/H-REMD can be extended to more dimensions with irregular shape to enhance the sampling and accelerate the convergence. 
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