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All MD simulations were performed using the GROMACS simulation program version 3.3.3 [1], with the GROMOS54A7 force field for protein and starch molecules [2]. Two systems were simulated. The first consisted of a complex of wild-type rice SBEI with maltopentaose, and the second a complex of R342K rice SBEI with maltopentaose. The starting structures for both systems were based on the crystal structure of SBEI from rice (Oryza sativa L.) SBEI (PDB ID 3AML). This structure does not contain substrate although some density of unknown origin in the proposed binding groove was observed. For this reason, maltopentaose was docked into the binding groove using AutoDock Tools 4 (ADT4) centered on the region of the observed density. In both cases the C-terminal domain consisting of residues 583–698 was truncated in order to decrease the size of the system and the associated computational time. This truncation was found to have no effect on the structure of the central catalytic domain (results not shown). The truncated native and mutated proteins, including the docked sugar, were placed at the center of a dodecahedron box in which the distance between the parallel faces was 10 nm and solvated with ~21000 simple point-charge (SPC) water molecules [3]. The protonation states of titratable residues were set appropriate to pH 7.5. Histidine residues were singly protonated (neutral) with the location of the proton assigned manually depending on the local environment. The total charge of the system was neutralized by adding 10 Cl– counter ions. The Berendsen weak coupling method was employed to maintain the temperature and the pressure of the system at 300 K and 1 atm, with coupling times of 0.1 and 1.0 ps respectively [4]. The SHAKE algorithm was applied to constrain the bond lengths within the system [5]. The equations of motion were integrated using a time step of 2 fs. Non-bonded interactions were evaluated using the twin–range cutoff scheme. Short-range interactions within 0.9 nm were calculated every step and interactions formed between 0.9 and 1.4 nm were calculated every 5 steps. A reaction-field correction with an epsilon value of 78 was applied to correct for the truncation of electrostatic interactions beyond 1.4 nm. To initiate the simulations, the systems were first energy-minimized. The system was then equilibrated briefly with position restraints of 1000 kJ mol–1 nm–2 on all heavy atoms. The restraints were removed and each system simulated independently twice for 25 ns. The coordinates and energies were saved every 10000 steps for analysis. Topologies and parameters used for maltopentaose are available from the Automated Topology Builder (ATB) [6, 7].
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