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Computational prediction of the effect of amino acid substitutions on protein stability is
utilized by researchers in many fields. Specifically, researchers may be interested in
exploring the effect of combination of different mutations, such as when considering the
maintenance of protein stability in the course of accumulation of substitutions in evolution.
Such programs, while relatively inaccurate, are not known to provide systematically biased
results. We explored the suitability of using two of the most popular algorithms, FoldX (1, 2)
and I-Mutant (3, 4), for prediction of substitutions on structure.
We devised a self-consistency test that queries the reciprocity of the prediction of amino acid
substitutions. Unbiased algorithms should, on average, predict that the effect of an amino acid
substitution is equal but opposite to the reverse substitution. To test this prediction, we
selected among the available crystal structures those that differ from each other by only a few
substitutions. We found that both of the tested algorithms have an inherent bias, whereby for
many instances the effect of the forward and the reverse substitution was predicted to be
substantially different in magnitude. The systematic bias for single mutants was 0.63 ± 0.04
kcal/mol for FoldX and 0.59 ± 0.43 kcal/mol for I-Mutant.
We hypothesize that FoldX displays this bias because the underlying algorithm does not
change the backbone of the structure while I-Mutant is influenced by the content of the
training set, which likely includes many more damaging mutations than benign one. Authors
seeking to use these and, possibly, other algorithms for prediction of the effect of amino acid
substitutions should be aware of the inherent bias described here.
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