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Smooth Gaussian-based dielectric function:

Given a molecule in water phase, we applied the Gaussian equation and implemented three steps
as follows to calculate the dielectric distribution of a protein from its density distribution as
originally described by Nicholls and Pickup. Given a macromolecule with N atoms, the density
of an atom i is represented by a Gaussian distribution (see Figure a, b):

pi(r) =exp[-r*/(c®-R?)], 1)
where p.(r) is the density at positionr, r. is the distance between the center of the atom
Pra () =1-T L=, (1)), 2)

where the p,, () denotes the density at positionr coming from multiple atoms, and p,(r) is the

density of a single atomi, which is obtained from Eq. (1). This function guarantees that the density
at overlapping region is higher than the density generated by any involved single atom, but the

density p,, (r) always

g:p"c"in-i_(l_p)"c"out (3)



where ¢ on the left denotes the dielectric distribution function, &,, denotes the reference dielectric

value when the density is 1, &, denotes the reference dielectric value for water phase, and pis

the density obtained from Eq.(2) (see Figure e,f below).
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Some results:

(a) Distribution of dielectric constant with a large set of proteins



Alarge ==t of diverse proteins was taken from the PDE bank (hitp:/fesa resh ongipdb/homehome. do) and
saversl filtering steps were parformed. First, onby strectures determined by X-Ray experiments with resolution
less than 1.5 A were selected. Then the structunes with seguence similarity larger than 30% were removed.
Finzlhy, the structures with cofactors which are not made of regular residues were also deleted from the
datzsst. The final dataset was mads of 91 proteins.

(b) Distribution of the dielectric constant in reaction center protein
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