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REMD simulations of RNA-aminoglycoside complexes

(Kulik)

1. Background and purpose of the project, relationship of

the project with other projects
Riboswitches are non-coding fragments of mRNA that are
able to affect expression of genes located in the coding part
by binding small ligands. N1 riboswitch is an interesting
case because it binds ligands from neomycin family and is
able to recognize even small structural differences between
them. The in vivo studies in yeast system showed that
aminoglycosides neomycin and ribostamycin bind the
riboswitch and inhibit translation, whereas another
aminoglycoside paromomycin binds but does not affect gene

expression. In this study, we aimed to investigate the
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dynamics of the riboswitch complexes with ribostamycin,
neomycin and paromomycin, using Replica Exchange
Molecular Dynamics Simulations.

2. Specific usage status of the system and calculation

method

The starting structures and force field parameters were taken
from previous simulations of the same system. Total number
of atoms in each system was around 37 000. The
temperature Replica Exchange Molecular Dynamics
Simulations were performed up to 100 ns for each system
using GENESIS suite of programs. Only the last 50 ns of
every trajectory was analyzed.

3. Result

The dynamics of the complexes with ribostamycin and
neomycin and the interactions between those ligands and
riboswitch were very similar to each other. However, the
dynamics of the paromomycin-riboswitch complex was
slightly different in the region of bulge and apical loop of
the riboswitch, which are the most flexible region of this
RNA hairpin. We looked closer at the interactions between
ligands and their binding site, especially at the 6' terminal
group (hydroxyl group in paromomycin and ammonium
group in ribostamycin and neomycin), which is shown

below.
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We observed that in the complex with paromomycin, the

Y

hydrogen bond between group 6'-OH and phosphate G9, that
is present in the NMR model PDB ID: 2MXS (starting
structure for the simulations), breaks and a different
hydrogen bond with base A17 is formed. In the neomycin
and ribostamycin case, the bond with G9 phosphate is also
present in the starting structure but it is also present most of

the simulation time. In all complexes the hydrogen bond

IRt &

between group 6' and base U10 was observed. We also
compared these simulations with a structure of a different
aminoglycoside binding site, A-site. The fragment of A-site
crystal structure 1J7T containing neomycin (PDB ID: 2ET4)

and paromomycin
Crystal structure: 2ET4

is shown in the following figure.
Crystal structure: 1J7T

Neomycin

Paromomycin

By comparing the snapshots from simulations and the crystal
structures, we can see that the main difference between them
is the neighborhood of the 6' group. The riboswitch is able to
discriminate between neomycin and paromomycin because
of the contact with the negatively charged phosphate. In the
A-site, the contact with phosphate is not present and both
aminoglycoside show similar binding and also similar
antibacterial effect.

4 . Conclusion

We were able to elucidate the reason of different dynamics
of riboswitch complexes with ribostamycin, neomycin and
paromomycin at the molecular level of detail.

5. Schedule and prospect for the future

The simulations using Replica Exchange Molecular
Dynamics Simulations with two dimensions and free energy
calculations are currently performed and the results are not

yet available.
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