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Introduction Strategy for obtaining time-averaged electrostatic interaction with solvent Do meshes capture influence of
Molecular dynamics (MD) RfNA f?rcehfields ] Mesh of equidistant Compute eletrostatic potential (ESP) solvent den3|ty on QM energy?
« Use classical physics to obtain a time e Accurate for A-form helices compose : : : :
- P - P D Extract RNA context MD simulation of points at radius 3 A at 3 A due to solvent farther than R o .

series of coordinates for every atom of canonical Watson-Crick base pairs ] : Meshes repro duce QM energy of exph cit solvent densﬂy
* Model structural ensembles that mediate < Poor description of non-canonical base around QM dimer water and ions QM interaction cnergy of a nucleoside-nucleoside dimer computed using
biological functions of macromolecules Pairs1 and relatiye orientation of helices from experimental around a = ) : symmetry-adapted perturbation theory!'®, sSSAPTO0/jun-cc-pVDZ, in Psi4!!
* Generate hypotheses abput structure that  interrupted by single-stranded loops® structure restrained RNA Mesh of eqU|d|stant allt pomt charges on far mesh to » Approximate solvent density with point charge mesh to reduce computational burden
can then be tested experimentally "Development  of  an  accurafe points at radius R > 3 A I (oo V[ RTo T n W=t el A WO (oMl - “RNA” contains only point charges from RNA context of experimental structure

*Relies on the accuracy of the energy  fixed-charge force field that 1s

. : . «“Solvent” contains explicit solvent density for solvent within 10 A of the QM atoms
model, a parameterized function called a  transferable to structurally diverse P Y Q

* “Mesh” contains explicit solvent density up to a radius R and fits point charges on a

force field RNAs remains an open challenge g mesh to reproduce solvent ESP for solvent between R and 10 A
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: _ _ _ Example of a nucleoside-nucleoside dimer (magenta) Mesh of equidistant points ( ) at radius 3 A from Mesh of point charges at radius R > 3 A reproduce the . Include solvent within 40 A; vary number of meshes, mesh radii, and point density
Nucleoside dimers and nucIeOS|de-phosphate dimers and the context from an experimental structure (gray) QM dimer (magenta). Point size represents magnitude solvent ESP at 3 A ( ). Point size represents QM energy relative error with respect to 10 A mesh with 1 A2 per point
solvated in water and salt (cyan). of ESP at that point due to solvent farther than R >3 A.  magnitude of the charge, red positive or green negative. o Best mesh reproduces QM energy within 0.1 % and reduces job time by 10-fold
Time-averaged solvent density around each RNA Is solvent density converged from simulation length and amount of solvent? Meshradii Density | Numberof — QMenergy  Time  Solvent ESP
(A) (A?) | point charges relative error (h) relative error
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solvent density 14 g v 10 1.000 | 122009 0.0000 21.02 0.0007
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« Initial dataset is non-redundant representative set* of experimental RNA structures relative error in ESE compared to sampling at 2 ps Time (ns) Time (ns) Extent of solvent influence is diverse across clustered dataset
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