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This article summarizes the development of a fast boundary element method for the linearPB@sonann

equation governing biomolecular electrostatics. Unlike previous fast boundary element implementations, the
present treatment accommodates finite salt concentrations thus enabling the study of biomolecular electrostatics
under realistic physiological conditions. This is achieved by using multipole expansions specifically designed
for the exponentially decaying Green'’s function of the linear Pois®wpitzmann equation. The particular
formulation adopted in the boundary element treatment directly affects the numerical conditioning and thus
convergence behavior of the method. Therefore, the formulation and reasons for its choice are first presented.
Next, the multipole approximation and its use in the context of a fast boundary element method are described
together with the iteration method employed to extract the surface distributions. The method is then subjected
to a series of computational tests involving a sphere with interior charges. The purpose of these tests is to
assess accuracy and verify the anticipated computational performance trends. Finally, the salt dependence of
electrostatic properties of several biomolecular systems (alanine dipeptide, barnase, barstar, and coiled coil
tetramer) is examined with the method and the results are compared with finite difference PBiskomann

codes.

I. Introduction immersed in salt solutions entail considerable computational
effort since they involve a large number of ions and water mole-
tcules and require accurate iowater, ion-ion, and ion-solute

potential functions. Obtaining thermodynamic quantities, such
as solvation and binding free energies, from free energy simu-
lations of biomolecules immersed in agueous salt solutions is

The properties and function of numerous charged biomol-
ecules and their complexes with other molecules are dependen
on the ionic strength of the environment. For example, the
conformational stability of highly charged peptides and proteins

is greatly affected by changes in salt concentration. Similarly, even more challenging. The introduction of efficient particle-

the binding affinities and association rates of blomolec_ular com- - <h Ewald (PME) algorithr8 which accurately account for
plexes are also strongly dependent on salt concentration. There;

fore, computational tools that reliably and accurately predict long-range Coulombic interactions has promoted the popularity

ionic strength dependent electrostatic interactions are essentiag>f S?;fnrgﬂf%‘gigfsyigggg stlvTeL\llzrocT:s ﬁ?edthzglg\év\?:ntlizgsirch
for an improved understanding of many biological processes. y : ’ P

- tools and advances in computer power, molecular dynamics
Moreover, to offer the user the ability to address large molecules _. ) o o
using readily accessible computers, the CPU and storageS'mma.monS of lonic strgngth effect's.m biomolecular systems
demands imposed by such tools must be kept at a minimum. 2"€ St",' T]Ot practical using an explicit §olyent moé;el.

The different theoretical approaches used to model salt effects _IMPlicit solvent models adopt a semi-microscopic treatment
in biomolecular systems can be divided into two broad cate- ©f the solute, but characterize the solvent in terms of its
gories according to whether they employ an explicit or implicit Macroscopic _phy3|cal properties (e.g., dielectric constant, ionic
solvent model. Explicit solvent models adopt microscopic Strength). This allows ionic strength effects to be accurately
representations of both solute (e.g., biomolecule) and solventeproduced at much Iower_computatl_onal_ c_ost than with explicit
molecules. Typically, explicit solvent-based approaches employ solvent approaches. For th!s reason, implicit sol\_/ent models such
potential energy functions and sample the conformational space®S those based on the Poiss@oltzmann equation (PBE) are
by either molecular dynamics or Monte Carlo techniques. "OW widely used. In particular, the linear Poissdoltzmann
Explicit solvent approaches produce accurate results, but are@Pproach considered here has been successfully used to account

very computer intensive. Molecular dynamics of biomolecules for the salt dependence of a variety of thermodynamic quantities
such as binding free energiepK shifts>~7 and biomolecular
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