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Detailed simulation methodology 
 

We have carried out two MD simulations on human MSH2-MSH6 starting from a complete model for 
residues 1-855 (MSH2) and 362-1335 (MSH6), respectively, based on the crystal structure 2O8B1. In order 
to complete residues that are missing in the crystal structure, the fragments involving residues 550-552, 
651-653, 718-728, 933-935, 991-993, 1098-1105, 1122-1126, 1178-1188, and 1270-1284 in MSH6 as well 
as fragments involving residues 108-112, 139-145, 243-247, 316-321, and 713-723 in MSH2 were built 
with the loop modeling function2 in MODELLER3. The complete MSH2 and MSH6 sequences contain 934 
and 1360 amino acids, respectively, but except for an NMR structures of the PWWP domain in the N-
terminal part of MSH6 (residues 68-201)4, there is not sufficient structural information to construct a 
complete model for the missing N- and C-terminal parts. However, the MSH6 sequence with known 
structure (residues 362-1335) extends beyond the sequence of the aligned MutS crystal structures5 while 
MutS and MSH2-MSH6 are presumed to share a conserved functional mechanism. In vitro studies have 
shown that a human MSH6Δ341 mutant retains mismatch repair activity comparable to the full-length 
protein1. According to secondary structure prediction servers, residues 341-361 are disordered and although 
they are missing from the crystal structure and our model, we assume that they are not essential for 
function. The missing residues at the MSH2 and MSH6 C-termini align with part of the 50 C-terminal 
residues in MutS which are also missing in the MutS crystal structure. This domain appears to be important 
for tetramer formation but the truncation mutant MutSΔC800 in E. coli was also found to retain ATPase 
activity and mismatch recognition functions similar to wild type6. Therefore, the truncated MSH2-MSH6 
complex used here is believed to contain all of the essential components for DNA binding, mismatch 
recognition, and initiation of repair. One simulation has the protein bound to a mismatch DNA and the 
other is in absence of the DNA. Bound ADP molecules were removed from the two nucleotide binding 
sites of chain MSH2 and MSH6 in both simulations.  

The CHARMM-27/CMAP force-field was used to described molecular interactions 7, 8 and simulations 
were run with NAMD2.6 9. MSH2-MSH6 in both the presence and absence of DNA was solvated in a 
rectangular TIP3P solvent box with Na+ counter-ions to neutralize the system. The dimensions of the final 
solvated systems were 156 x 131 x 93 Å3 and 159 x 131 x 93 Å3 with 190,270 and 195,878 atoms for the 
DNA bound and DNA-free systems, respectively. Long-range electrostatic interactions were treated using 
the Particle Mesh Ewald (PME) technique. A non-bonded cut-off of 10 Å was applied to the Lennard-Jones 
potential and the direct sum of the Ewald calculation. A 2 fs time step was used for all MD simulations.  

The systems were initially minimized and equilibrated using CHARMM under harmonic restraints of 
10 kcal/mol/Å2 on the heavy atoms of the protein and the DNA allowing only the water molecules to 
reorient themselves during 10,000 steps of adopted-basis Newton-Raphson minimization. The minimized 
structures were then heated in three steps with short simulations over 10,000 steps at 100K, 250K and 300K 
while still maintaining the restraints on the protein and the DNA heavy atoms. The simulation at 300K was 
then continued while slowly releasing the restraints from 10 kcal/mol/Å2 to 0 over ten simulations, each for 
10ps. The final structure was then continued with NAMD for 170ns and 140ns for the protein in the 
absence and presence of the DNA, respectively. All simulations were carried out in the NPT ensemble.  
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