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Our calculation system is the ribosome in

explicit water molecules. It consists of 30S,
50S RNA, mRNA and 2 tRNAs. The total

number of particles is 2,012,725. Out of them,
solvents include 585,303 water molecules,
649 Mg2+, 4427 K*, and 984 Cl ions. From
this system, we prepared two different
structures: pre and post states of tRNA
translocation. Coordinates and velocities are
updated using velocity Verlet integrator for
all simulations. To increase the time step of
update, we constraint bonds related with
hydrogen atoms using SHAKE/RATTLE
algorithm. Internal motions of water
molecules are constrained by SETTLE
algorithm. The first calculation is the
targeted MDs between the pre and post
states where we assign restraint force given
target value of RMSD. Based on the
trajectories from the targeted MD, free
energy profiles were obtained from the
umbrella sampling applied to the RMSD
coordinate
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Two structures in the translocation

procedure of a ribosome (pre- and post-
states) were revealed by Dr. Sanbonmatsu’s
group in Los Alamos. At first, we performed
targeted MD simulations (from pre state to
post state, and from post state to pre state)
to get an initial pathway for sampling
simulations. We confirmed that the RMSD of
heavy atoms decrease up to 0.5 A in the
simulation and the conformational change of
a whole ribosome. We also analyzed
important local conformations, in particular,
movement of tRNA. The distances between
U47 of the aa-tRNA and U8 of the P-site
tRNA (named Rebow), is such kind of example.
Retbow values are 50.28 A and 36.65 A for the
pre and post states, respectively (Figure 3).
According to the targeted MD from the post
state to pre state, Rewow changes from 36 Ato
40 A. In the case of the targeted MD from
pre to post, it changes from 50A to 46 A. At
this moment, the conformational changes of
tRNA are not exhibited. Therefore, the effect

of the targeted MD 1is just the global
conformational change without the specific
translocation  procedure. We  selected
representative 30 images from the targeted
MD trajectory from pre to post state and
calculated a free energy profile by umbrella
sampling simulations. In other words, we
performed independent 30 MD simulations
by using an umbrella potential with
different target RMSD values and obtained
distributions along RMSD from the
structure of the post state (Figure 4). We find
that the structures at the free energy
minimum  are deviated from  the
experimental one around 2.7A RMSD. This
means that the stable structures in the pre
state are also involved in making the free
energy minimum state in the post state. We
suggest that this phenomenon could give an
effective clue in identifying mixed ribosome
conformations in a polysome.
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To understand the mechanism of ribosome,
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we picked two conformations related with
the translocation of tRNA (the pre and post
states). We confirmed that targeted MD
simulations observe global conformational
changes. According to the umbrella sampling
simulations, we found that the structures at
free energy minimum are slightly different
from that experimental structure.
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