Part1. MM/PBSA calculations

In MM/PBSA calculations, the affinity of a peptide binding to a protein can be estimated according to equation 1 in the text by two procedures: (a) run separate trajectories of complex, protein, and ligand or (b) evaluate all three terms in equation 1 using just the snapshots from a trajectory on the complex. Certainly, procedure (b) is much faster than procedure (a). Some applications have shown that procedure (b) is a good approximation to procedure (a) in most applications [1]. For protein/peptide or protein/protein system, the change of the conformational energy of protein and peptide should be considered better by using separate MD simulations. For the systems studied here, the conformations of some peptides may be significantly different in bound and unbound states. Moreover, for different peptides, the change of conformational energy may not be treated as a constant due to the flexibility of peptide in the binding pocket. The binding free energies should be calculated as the following:
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Where ΔEele and ΔEvdw are the electrostatic and the van der Waals interactions between the peptide and the SH3 domain, respectively; ΔGPB and ΔGSA are the polar and the nonpolar contributions of the solvation free energies upon peptide binding, respectively; ΔGconf_pep and ΔGconf_SH3 are the differences between the conformational energy of the peptide and the Abl SH3 domain in bound and unbound states, respectively; Glig_bound and Glig_unboud are the conformational energies of the peptide in bound and unbound states, respectively; GSH3_bound and GSH3_unboud are the conformational energies of the SH3 domain in bound and unbound states, respectively.

In our calculation, ΔGconf_SH3 was not included and the reasons are the following. The SH3 domain is a small protein (50-70 amino acids) and relatively flexible compared with other proteins such as HIV protease (about 200 amino acids). The value of conformational energy of the SH3 domain is several orders of magnitude larger than those of peptides and the interacting energies. To avoid the error of taking difference between two large values, ΔGconf_SH3 was not considered [2]. In fact, the conformation of the Abl SH3 domain was restrained to the crystal structure using a 5 kcal·mol-1·Å-2 harmonic force in the MD simulations to avoid the significant conformational deviation caused by insufficient sampling and inaccuracy of the force field.

Part2. The influence of interior dielectric constant to the predicted peptide binding

The absolute values of the calculated binding free energies can be influenced by the value of the interior dielectric constant. In the current studies, a value of 1 was used for the interior dielectric constant of protein and peptides. In some other applications [3-4], a dielectric constant of 2 or 4 was used. When the interior dielectric constant of 1 was replaced by n, the binding free energy shown in Equation 1 was transformed to the following equation:
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where the n is the interior dielectric constant. The binding free energies and the contributions of all energy terms using a dielectric constant of 2 are listed in Table S2. The correlation between the experimental binding free energies and the predicted values is shown in Figure S1. A linear correlation coefficient r=0.66 can be observed, which is smaller than that using the interior dielectric constant of 1. We noticed that the absolute values of the binding free energies are more negative using interior dielectric constant 2 than using dielectric constant 1. It is not surprising because the positive value of (Eele+(GPB was nearly scaled by the interior dielectric constant in the system we studied. The selection of suitable interior dielectric constant is crucial. However, as shown in many studies, it is difficult to define a unique dielectric constant for various protein-ligand complexes [3-5]. The optimal value for one protein family is not necessarily transferable to another protein family because the interior dielectric constant depends on the polarization state of each system. 

Accurately calculating absolute binding free energy between peptide and protein is a very challenging task. Many efforts have been made to tackle this problem. For example, in 1997, Froloff et al. have applied MD simulations and continuum solvation model to calculate the binding free energy for several protein/peptide systems [6]. Since we are interested in the binding specificity of the Abl SH3 domain, relative binding free energies between peptides are more important than the absolute binding free energy values in this study. Therefore, we used value 1 for the interior dielectric constant.

Part3. Conformational flexibility of the peptide in the complex. 

The MD trajectories showed that the peptides were quite flexible even in the complex (Figure S2), particularly the N- and C-terminal residues that were relatively less restrained by the Abl SH3 domain than the core residues at positions P-2 to P2. In addition, the side chain of Tyr at P-3 was also very flexible. Therefore, long MD simulations were necessary to sample the conformational flexibility of the peptide. Further examination of the fluctuation of the individual components to binding free energies reveals that the electrostatic interactions between the SH3 domain and peptide ((Eele) and the electrostatic contribution of desolvation upon peptide binding ((GPB) fluctuate much more than the van der Waals interactions while (Eele+(GPB is quite stable because the two terms are cancelled out (Figure S3).
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