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The rotational matrix that optimally superpositions two molecular structures can be obtained by solving a symmetric 4 3 4
matrix constructed from the structural coordinates. This is traditionally accomplished by a computationally expensive inversion

Figure 1. Frequency distribution as a function of the number of residues for all protein domains with less than 40% identity in SCOP
domain database (as of May 15, 2010).1,2 The unique mode of the
distribution is roughly 83 residues. The majority of domains are less
than 150 residues.

or decomposition of this matrix. In our recent communication, a
simple and robust algorithm was proposed to rapidly determine
the optimal rotation by using instead a Newton-Raphson quaternion-based method and an adjoint matrix. After determination of
the 4 3 4 matrix, our method is more than an order of magnitude more efficient than traditional inversion/decomposition
methods.
Kneller correctly points out that, for relatively large molecular systems, the time to construct the 4 3 4 matrix can outweigh
the diagonalization of this matrix. In particular, he determined
that the crossover point is about 100 atoms (e.g., 112 atoms
from Kneller’s empirical equation 7). The time in constructing
the matrix scales linearly with the system size, while the time
for solving this matrix is constant. Thus, the former will
unavoidably dominate the latter when the system is large.
Our method is nevertheless useful in many, perhaps most,
common applications. First, structural biologists conventionally
superposition proteins using only the alpha carbons (one per residue), which significantly reduces the number of atoms in the
computation by roughly an order of magnitude. Furthermore,
many practical superposition analyses use only a single domain,
an important factor as a large fraction of domains are less than
100 residues (see Fig. 1). In fact, from Kneller’s equation 7, our
algorithm nearly halves the time to calculate the rotational matrix for proteins with 150 atoms. Second, as mentioned in the
first paragraph of our original article, many high-throughput
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analyses of molecular conformations use a very small number of
atoms (e.g., 5–30), including fragment-assembly protein structure prediction, conformational sampling for small molecule
drug design, and aligned-fragment pair multiple protein alignment. For these applications the matrix diagonalization is the
dominant factor, and here our method greatly speeds the calculation. Third, there is no reason not to use our algorithm. For proteins of more than 150 atoms the computational time will always
be less than the time using more traditional methods, and our
code is freely available and readily incorporated into other pack-

ages. Hence our algorithm will be useful in many important
practical superposition problems found throughout structural
biology, bioinformatics, and chemoinformatics.
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