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Continuum Solvation Model: computation of electrostatic forces
from numerical solutions to the Poisson-Boltzmann equation
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Abstract

A rigorous formulation of the solvation forces (first derivatives) associated with the electrostatic free energy calculated
from numerical solutions of the linearized Poisson-Boltzmann equation on a discrete grid is described. The solvation forces
are obtained from the formal solution of the linearized Poisson-Boltzmann equation written in terms of the Green function.
An intermediate region for the solute-solvent dielectric boundary is introduced to yield a continuous solvation free energy
and accurate solvation forces. A series of numerical tests show that the calculated forces agree extremely well with finite-
difference derivatives of the solvation free energy. To gain a maximum efficiency, the nonpolar contribution to the free
energy is expressed in terms of the discretized grid used for the electrostatic probiem. The current treatment of solvation
forces can be used to introduce the influence of a continuum solvation model in molecular mechanics calculations of large
biological systems. (€ 1998 Published by Elsevier Science B.V.

1. Introduction

Considerable efforts are currently devoted to developing accurate and effective computational approaches
for incorporating solvent effects implicitly in atomistic simulations of biomolecules. Macroscopic continuum
electrostatics approaches based upon the Poisson-Boltzmann (PB) equation, in which the solvent is represented
as a featureless dielectric material, are of particular interest [1-3]. Numerical solutions of the PB equation
based on finite-difference or finite-element methods with a discretized grid can be obtained routinely in the
case of molecules of irregular shapes [1-8]. Calculations based on computer simulations with explicit solvent
molecules showed that the dominant electrostatic contribution to the solvation free energy of large number of
small solutes [5] and the 20 standard amino acids [9] can be accurately reproduced by numerical solutions
to the PB equation. Continuum electrostatics is particularly appealing because it relies on approximations that
have a clear microscopic significance. For instance, it has been shown that the Poisson equation for macroscopic
media follows from statistical mechanical theories of solvation in the limit where typical correlation lengths
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