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Development of interface program

GAMESS ... QM calculation engine

AMBER ... MM calculation engine Intéraction between QM
electrons and MM point charge

( GAMESS Introduction of one electron integral term

with respect to MM atoms
Z,Z,

lou =3V T2 -3 Ly 32 2o

ij u iz la ap

Ly +v[p1}wn< )=

Force
calculation

- Deletion ¢f bonded and non-bonded

s between QM atoms.
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( = _VEMM
Making consisten tween the
IMergmg of the forces I i;ramls R Y. Hagiwara, T. Ohta, and M. Tateno, J Phys: Condens Matter 21,
064234 (2009).
= M T FMM J. Kang, et al, J Phys: Condens Matter 21, 064235 (2009).
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Present QM/MM calculations
mattached valine, ribose of A76,

Thr247, Thr248, and two water molecules)

Editing site —~__
Solvent water — |

MM region
/ (165745 atoms: Surrounding region)

LeuRS - Val-tRNA™" complex /

- AMBER, GAMESS, and the interface program were used for QM/MM MD and geometry
optimization.

- For QM calculations, DFT (B3LYP) was used with 6-31g(d) basis set. For MM calculations,
ff99 force field was used.

- We employed an adiabatic mapping approach, based upon geometry optimization,
but augmented with MD simulations to enhance conformational sampling.

- Thus, we divided the reaction space into windows, each defined by a particular set
of values of the reaction coordinate variables, and then, for each window, performed a
short MD simulation followed by a geometry optimization.

Then, the final potential energy surfaces (PESs) were then reconstructed from
the energies of the geometry optimized structures.






Activation of nucleophilic water molecule
by O3’ of tRNA

tRNA drives the editing reaction < Ribozymal

Leucyl-tRNA synthetase
(LeuRS)

LeuRS+Val-tRNAe" complex

Y. Hagiwara, M. J. Field, O. Nureki, and M. Tateno, J. Am. Chem. Soc., 132 (2010), 2751-58




Hybrid QM/MM MD calculations of
the bovine cytochrome c oxidase
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Ribosome : Protein factory

Ribosome consists of 2 subunits, and
has 4 sites for RNA binding.

-site  P-site A-site
(Exit) (Peptidyl-tRNA) (Aminoacyl-tRNA)

\ / 50S subunit

£==== - -+ - - == 305 subunit

MRNA binding site
M. Laurberg, et al., Science 454, 852 (2008)
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