
Supplementary information 

Virtual screening 

 The FDA Database was downloaded from the DSSTOX website (1). The database 

includes 1,216 current drugs approved by the United States Food and Drug Administration 

(FDA) before Feb. 15, 2008. Because the drug structures in this database were all in 2-

dimensional (2-D) format, the database was further processed using Schrodinger's LigPrep (2). 

The default settings were used, except that a maximum of 4 stereoisomers was generated rather 

than 32 per ligand. As a result, a new FDA database with 2,279 3-D structures of 1,216 drug 

compounds was obtained for virtual screening. The crystal structures of BRAF (PDB ID 3OG7), 

MEK1 (PDB ID 3EQI, 3EQC, 3EQH), ERK2 (PDB ID 4ERK) and RSK1 (PDB ID 3RNY) were 

downloaded from the Protein Data Bank.  The docking receptor grid of each kinase crystal 

structure was then prepared using Maestro's Protein Preparation Wizard (3). The default settings 

were used, except that the missing side chains were filled and all crystallographic water 

molecules were removed. Exhaustive sampling was used in order to obtain a better hydrogen 

bond assignment at the protein structure refinement step. In addition, the grid box and center 

were settled by default using the co-crystal ligand in its ATP binding site or allosteric site and no 

constraints were defined. Virtual screening of the FDA database was performed for each receptor 

grid using Glide (4) in XP (Extra Precision) mode (5). In all other respects, the default settings 

were used. These included the use of the OPLS2005 force field, penalization of nonplana amide 

conformation, and the 0.8 time scale of vdW radii of the ligand atom when its partial atomic 

charge was less than 0.15 in order to soften the potential for nonpolar parts of the ligand. For 

each receptor and each initial conformation of the FDA drug, only the best scoring pose was 

retained from the docking processes. Because some FDA drugs could have different initial 



conformations due to their tautomerization and stereoisomerization, other scoring poses rather 

than the best one for these drugs were discarded after the screening process. Finally, silybin was 

selected as a potential multiplex kinase inhibitor acting on the BRAF pathway. The binding 

energies of silybin with BRAF, MEK1, ERK2 and RSK1 were good (Table I) and ranked within 

the top 50 compounds among all 1,216 drugs.  

 

Supplementary Fig. 1. The protein levels of total and phosphorylated BRAF, MEK1/2, and 

RSK2 in SK-MEL-5, SK-MEL-28, and SK-MEL-2 melanoma cells and NHDF cells, a normal 

control cell line. 

 

Supplementary Fig. 2. The effect of silencing the MEK1/2 genes in SK-MEL-5 cells. (A) sh-

MEK1/2-expressing SK-MEL-5 cells showed cell growth inhibition compared with sh-mock-

expressing SK-MEL-5 cells. (B) Effect of silybin on the viability of sh-Mock-expressing and sh-

MEK1/2-expressing SK-MEL-5 cells. (C) sh-MEK1/2-expressing SK-MEL-5 cells showed 

decreased transcriptional activity of NF-κB, AP-1 and STAT3. (D) sh-MEK1/2-expressing SK-

MEL-5 cells showed decreased expression of cylin D1 compared with sh-mock-expressing SK-

MEL-5 cells. 
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