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System preparation

The parameter–topology (prmtop) and coordinate (coord) simulation input files were created with AM-

BER10 utility programs tleap or xleap using FF99SB [1]. The 2FCC Protein Data Bank (PDB) file [2],

structure “A”, was taken as the initial model. The initial protonation state of the active site glutamate,

Glu22, was assigned during the prmtop/coord file preparation and was varied according to the simulation

to be carried out. The simulation system consisted of the solute (protein and DNA) and a truncated

octahedral explicit solvent periodic boundary system consisting of approximately 10 000 TIP3P [3] wa-

ter molecules (the exact number varying with the system being simulated) and sodium ions to achieve

electrical neutrality.

The system was prepared for simulation with a series of minimizations and MD simulations to repair

possible structural imperfections that might have been introduced by taking the 2FCC reduced imine PDB

entry as the basis of the simulation structures and to equilibrate the system temperature and density: An

initial 1000 step minimization was carried out using a 1 kcal mol−1Å
−2

(4.184 kJ mol−1Å
−2

) harmonic

solute restraint to relax the waters. This was followed by a 12 500 step (2 fs/step, 25 ps) constant

volume simulation, ramping the temperature (using the Berendsen weak–coupling algorithm [4]) from

100K to 300K in 500 steps (1 ps), followed by 12 000 steps (24 ps) at 300K. The solute was subject

to a 1 kcal mol−1Å
−2

(4.184 kJ mol−1Å
−2

) harmonic restraint during this run. This was followed

by 12 500 steps (25 ps) of (solute restrained) constant pressure periodic boundary conditions (PBC)



2

particle mesh Ewald (PME) MD [5] to equilibrate the density. Next, six 1000 step minimization cycles

with the solute restraint relaxed from 25 to 0 kcal mol−1Å
−2

(104.6 kJ mol−1Å
−2

to 0 kJ mol−1Å
−2

)

in 5 kcal mol−1Å
−2

(20.9 kJ mol−1Å
−2

) steps were carried out. After minimization, the system was

warmed to 300K with Langevin dynamics using a gamma ln (collision frequency) parameter of 1 ps−1

for 100 000 steps of 2 fs/step dynamics (200 ps). Finally, the system underwent 500 000 steps (2 fs/step,

1 ns) of constant volume (NVE) dynamics. The temperature was stable at this stage. All the preliminary

molecular dynamics relaxation steps used only the classical FF99SB force field, and the lengths of bonds

involving hydrogen were constrained with the SHAKE algorithm [6]. The nonbonded cutoff was set at

9 Å. QM/MM simulations were carried out using the full interaction calculations for all atoms, including

hydrogens, so that proton transfer reactions could be simulated. A 0.5 fs time step was used for the entire

calculation.
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