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Method and computation 

Molecular dynamics simulation 

All the simulations and the analysis of the trajectories were performed with 

Gromacs 4.5.5 software [1] using the Amber99sb force field and the TIP3P water 

model [2]. The SLY-MYR system was first energy-relaxed with 2000 steps of 

steepest-descent energy minimization followed by another 2000 steps of 

conjugate-gradient energy minimization. The system was then equilibrated by a 500 

ps MD run with positional restraints on both the protein and ligand to allow relaxation 

of the solvent molecules. The first equilibration run was followed by a 100 ns MD run 

without position restraints on the solute. The first 30 ns of the trajectory were not used 

in the subsequent analysis to minimize convergence artefacts. Equilibration of the 

trajectory was checked by monitoring the equilibration of quantities, such as the 

root-mean-square deviation (RMSD) with respect to the initial structure, the internal 

protein energy, and fluctuations calculated for different time intervals. The 

electrostatic term was described with the particle mesh Ewald algorithm. The LINCS 

[3] algorithm was used to constrain all bond lengths. For the water molecules, the 

SETTLE algorithm [3] was used. A dielectric permittivity,  = 1, and a time step of 2 

fs were used. All atoms were given an initial velocity obtained from a Maxwellian 

distribution at the desired initial temperature of 300 K. The density of the system was 

adjusted during the first equilibration runs at NPT conditions by weak coupling to a 

bath of constant pressure (P0 = 1 bar, coupling time P = 0.5 ps) [4]. In all simulations, 

the temperature was maintained close to the intended values by weak coupling to an 

external temperature bath with a coupling constant of 0.1 ps. The proteins and the rest 

of the system were coupled separately to the temperature bath. The structural cluster 

analysis was carried out using the method described by Daura and co-workers with a 

cutoff of 0.25 nm [4].  

The MYR parameters were estimated with the antechamber program [5] and 

AM1-BCC partial atomic charges from the Amber suite [6]. Analysis of the 

trajectories was performed using VMD, PyMOL analysis tools and Gromacs analysis 

tools. 



Calculation of the binding free energy 

In this work, the binding free energies are calculated using MM-PBSA approach 

[7, 8] supplied with Amber 10 package. We choose a total number of 100 snapshots 

evenly from the last 10 ns on the MD trajectory with an interval of 10 ps. The 

MM-PBSA method can be conceptually summarized as: 

Gbind = Gcomplex – [Gprotein + Glig]                                                                       1 

Gbind = H – TS                                                                                                    2 

where H of the system is composed of the enthalpy changes in the gas phase upon 

complex formation (EMM) and the solvated free energy contribution (Gsol), while 

–TS refers to the entropy contribution to the binding. Eq. 2 can be then approximated 

as shown in Eq. 3: 

Gbind = EMM + Gsol – TS                                                                                    3 

where EMM is the summation of the van der Waals (Evdw) and the electrostatic (Eele) 

interaction energies.  

EMM =Evdw + Eele                                                  4 

In addition, Gsol, which denotes the solvation free energy, can be computed as the 

summation of an electrostatic component (Gele,sol) and a nonpolar component 

(Gnonpolar,sol), as shown in Eq. 5: 

Gsol = Gele,sol + Gnonpolar,sol                                                                                 5 

The interactions between MYR and each residue of SLY are analyzed using the 

MM-PBSA decomposition process applied in the MM-PBSA module in Amber 10. 

The binding interaction of each ligand-residue pair includes three terms: the Van der 

Waals contribution (Evdw), the electrostatic contribution (Eele), and the solvation 

contribution (Esol). All energy components are calculated using the same snapshots 

as the free energy calculation. 

Principal component analysis 

Principle component analysis (PCA) [9, 10] was carried out to address the 

collective motions of SLY/SLY-MYR complex by using the positional covariance 

matrix C of the atomic coordinates and its eigenvectors. The elements of the 



positional covariance matrix C are defined by eq 6: 

                                                 6 

where xi is the Cartesian coordinate of the ith Cα atom, N is the number of Cα atoms 

considered, and  represents the time average over all of the configurations 

obtained in the simulation. The eigenvectors of the covariance matrix, Vk, obtained by 

solving Vk
T CVk = λk, stand for a set of 3N-dimensional directions, or principal modes, 

along which the fluctuations observed in the simulation are uncoupled with respect to 

each other and can be analyzed separately.  

In this work, to define the dominant motion over an MD simulation, the collective 

motions of the complex were addressed by using the positional covariance matrix, C, 

of the atomic coordinates and its eigenvectors based on PCA. The Gromacs 4.5.5 

module was used to perform PCA, and the trajectories were obtained from the 

previous MD simulations.  

Fluorescence-quenching assay 

The binding constants (KA) between WT-SLY, mutant SLY and MYR were 

measured using the fluorimetric quenching way. [11-13]  

Site-Directed Mutagenesis 

Three amino-acid mutations (N82A-SLY, S84A-SLY, N112A-SLY and D179A-SLY) 

were created using a QuikChange site-directed mutagenesis kit. The template plasmid 

was the pET28a-PLY plasmid noted above. 

Haemolysis assay 

The inhibitory effect of MYR on the hemolytic activity of the purified SLY was 

evaluated as previously described using defibrinated sheep red blood cells [14]. 

Briefly, 10 μL of purified SLY (0.4 μM) was added to 965 μL of PBS with various 

MYR concentrations (0, 20, 40 and 60 μM), and the mixtures were vortexed and 

incubated for 20 min at 37 °C. Then, 25 μL of defibrinated sheep red blood cells was 

added to the system, and the mixture was incubated for 10 min at 37 °C. After 

centrifugation at 3000g for 5 min, the hemolytic activity was determined by 

measuring the OD543 nm of the supernatants. 

The pseudo component analysis of SLY sequence 
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The pseudo component of SLY sequence was analyzed by using the web server, 

Pse-in-One 2.0. In the Pse-in-One web server, the Kmer mode was selected, with the 

parameter value of 3.  
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Figure S1. The distribution of sequence composition values of SLY. (a) residues from 

32-241; (b) residues from 242-499. 


