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Authors'
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Concern was raised as to whether the results of our recent report [1]] on the calculation
interaction energy were consistent with the mathematical model
of protein-surface
presented. Pitt and Weaver have pointed out that the interaction energy should not
be positive in the absence of electrostatic interactions regardless of the orientation
of a protein on the surface, if the closest contact distance between the protein and
the surface is the sum of the van der Waals radii of the two contacting atoms. We
cannot agree more.
It should be noted, however, that the closest contact distance used in our calculation was set to be 90% of the sum of the van der Waals radii. The van der Waals
radii used in our calculation were 1.00, 1.35, 1.35, 1.60, and 1.85 A, for H, N, 0,
C, and S, respectively [2]. These values are comparable with those found in other
references [3-6]. When the interaction energies were calculated without a multiplication factor of 0.9, no positive interaction energies were observed. Thus, the positive
interaction energies observed with some protein orientations were due to a closest
contact distance smaller than the sum of the van der Waals radii by 10%. This was
explained to Pitt when he inquired of Lu about the meaning of 'brought to just
contact' .
When only a small number of atoms are in close proximity to the surface as in
Fig. 5 of our paper [1], the repulsive energy arising from the contact of the two
closest atoms dominates over the attractive energies of other atom pairs. However,
when a large number of atoms are in the vicinity of the surface as in Fig. 4 of our
paper [1], the attractive interactions arising from the majority of atom pairs dominate over the repulsive interaction. Thus, the repulsive energy occurs when a protein
molecule adsorbs in an end-on orientation rather than in a side-on orientation as
described in the paper.
One could ask why we used a multiplication factor of 0.9 in the calculation of the
closest contact distance. Initially, the factor of 0.9 was adapted after Coghlan and
Fraga [2], who developed a semi-empirical formulation used in our study for the
calculation of the protein-surface
interaction energy. When we calculated the
average interaction energy of 1633 different orientations of a protein on the surface
as a function of the contact distance, we found that the minimum average interaction energy was maintained while the contact distance varied from 90% to 110%
of the sum of the van der Waals radii. In addition, Hopfinger has pointed out that
there is no single set of van der Waals radii which can be assigned to a set of atoms
so that the correct contact distance is reproduced for every pairwise interaction [3].
Thus, it was natural for us to adapt the values of van der Waals radii and a
multiplication factor of 0.9 from the program of Coghlan and Fraga [2].
In conclusion, we agree with Pitt and Weaver that there should not be a positive
interaction energy if the closest contact distance is the sum of the van der Waals radii
of the two atoms in contact. We would like to point out, however, that a positive
interaction energy can result in our model when the closest contact distance is 10%
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less than the sum of the van der Waals radii, and that the results presented
paper were consistent with the mathematical model presented.
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